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(57)Abstract: 

PROBLEM TO BE SOLVED: To process a film to be processed with 
good dimensional controllability by integrally etching an intermediate j^ y 

layer and lower layer resister by using resist patterns as a mask, thereby 
decreasing the number of the necessary etching stages before 
processing of the film to be processed and decreasing the dimensional 
changes and differences which arise at the time of the etching. 
SOLUTION: A silicon org. film 3 contg. a compd. having an Si-Si bond on 
the main chain, a silicon film 4 and a photosensitive resin film 5 are 
formed on the film 2 to be processed (for example, a conductive film 2 
formed on a silicon substrate 1). This photosensitive resin film 5 is l b ). 

irradiated with an energy beam of visible light, UV light, etc., which are 
exposure light, through a mask of the desired patterns to form the resist 
patterns 5a by patterning the photosensitive resin film 5. The silicon film 
4 and the silicon org. film 3 are simultaneously etched by using such 
resist patterns 5a as an etching mask. Then, the silicon film 4 and silicon 
org. film 3 of the required film thicknesses may be etched with the resist ( C r 
patterns 5a of the small film thickness. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] (a) The process which forms the silicon organic film which contains in a principal chain the compound 
which has Si-Si association on the processed film, (b) The process which forms the silicon film on said silicon 
organic film, and the process which forms the photopolymer film on the (c) aforementioned silicon film, (d) The 
process which performs pattern exposure to said photopolymer film, and forms a resist pattern, (e) The process 
which etches said silicon film and said silicon organic film collectively, using said resist pattern as an etching 
mask, (g) The manufacture approach of a semiconductor device of providing the process which etches said 
processed film, and the process which removes the (h) aforementioned silicon organic film, using the pattern of 
said silicon film formed of said etching, and said silicon organic film as an etching mask. 

[Claim 2] Said processed film is the manufacture approach of the semiconductor device according to claim 1 
characterized by being a kind chosen from the group which consists of a silicon substrate, the conductive film, 
an insulator layer that consists of an organic system ingredient, and an insulator layer containing a silicon atom. 
[Claim 3] (a) The process which forms the silicon organic film containing the compound which has siloxane 
association on the insulator layer containing a silicon atom, (b) The process which forms the silicon film on said 
silicon organic film, and the process which forms the photopolymer film on the (c) aforementioned silicon film, (d) 
The process which performs pattern exposure to said photopolymer film, and forms a resist pattern, (e) The 
process which etches said silicon film, using said resist pattern as an etching mask, (g) The process which 
etches said silicon organic film and the insulator layer containing said silicon atom collectively, using the pattern 
of said silicon film formed of said etching as an etching mask, (h) The manufacture approach of a semiconductor 
device of providing the process which removes said silicon organic film. 

[Claim 4] Said silicon organic film is the manufacture approach of the semiconductor device according to claim 3 
formed by baking after applying the solution which dissolved in the organic solvent and obtained the compound 
which has siloxane association. 

[Claim 5] Said silicon organic film is the manufacture approach of the semiconductor device according to claim 3 
formed by applying and baking the solution which dissolved in the organic solvent and obtained the compound 
which has Si-Si association in a principal chain, and heating under the ambient atmosphere in which oxygen 
exists, or irradiating a energy beam. 

[Claim 6] (a) The process which forms the 1st silicon organic film containing the compound which has siloxane 
association on the insulator layer containing a silicon atom, (b) The process which forms the 2nd silicon organic 
film which contains in a principal chain the compound which has Si-Si association on said 1st silicon organic film, 
(c) The process which forms the photopolymer film on said 2nd silicon organic film, (d) The process which 
performs pattern exposure to said photopolymer film, and forms a resist pattern, (e) The process which etches 
said 2nd silicon organic film, using said resist pattern as an etching mask, (g) The process which etches the 
insulator layer containing said the 1st silicon organic film and said silicon atom collectively, using said pattern of 
the 2nd silicon organic film formed of said etching as an etching mask, (h) The manufacture approach of a 
semiconductor device of providing the process which removes said 1st silicon organic film. 
[Claim 7] Said 1st silicon organic film is the manufacture approach of the semiconductor device according to 
claim 6 formed by baking after applying the solution which dissolved in the organic solvent and obtained the 
compound which has siloxane association. 

[Claim 8] Said 1st silicon organic film is the manufacture approach of the semiconductor device according to 
claim 6 formed by applying and baking the solution which dissolved in the organic solvent and obtained the 
compound which has Si-Si association in a principal chain, and heating under the ambient atmosphere in which 
oxygen exists, or irradiating ultraviolet radiation. 
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[Claim 9] The compound which has Si-Si association in said principal chain is the manufacture approach of a 
semiconductor device given in one term of claims 1, 5, 6, and 8 which are polysilane or polysilene. 
[Claim 10] Said process (e) or (g) is the manufacture approach of a semiconductor device given in one term of 
claims 1, 3, and 6 performed by reactant plasma etching, magnetron reactivity plasma etching, electron beam 
plasma etching, TCP etching, ICP etching, or ECR plasma etching. 

[Claim 11] The insulator layer containing said silicon atom is the manufacture approach of a semiconductor 
device given in one term of claims 2, 3, and 6 which are the silicon oxide film, a silicon nitride film, an oxidation 
silicon nitride film, or the spin-on glass film. 

[Claim 12] (a) The process which forms the silicon organic film which contains in a principal chain the compound 
which has Si-Si association on the processed film, (b) Pattern exposure is performed to the process which 
forms the photopolymer film on said silicon organic film, and the (c) aforementioned photopolymer film. The 
pattern formation approach that the process which forms a resist pattern is provided and said silicon organic 
film is characterized by forming membranes by applying the solution which contains at least the compound which 
has Si-Si association in said principal chain, and the solvent which does not contain an unsaturated bond. 
[Claim 13] The pattern formation approach according to claim 12 characterized by the compound which has Si- 
Si association in said principal chain being a compound which hydrogen combined with the silicon of said 
principal chain. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture approach of a semiconductor device, and 
relates to the processing approach of the thin film especially formed in the wafer substrate front face. 
[0002] 

[Description of the Prior Art] In the production process of a semiconductor device, many processes which 
process processed film, such as an insulator layer like the silicon oxide film or a silicon nitride film, a wiring 
material, and an electrode material, exist. Usually, after forming the photopolymer film on the processed film and 
performing pattern exposure, processing of the film processed [ these ] forms a resist pattern through a 
development process, and is further made by carrying out dry etching of the processed film, using this resist 
pattern as an etching mask. 

[0003] In recent years, lack of definition required to form a pattern, light exposure tolerance, or focal tolerance 
will need to arise, and it will be necessary to make thickness of a photopolymer as thin as possible and to raise 
these process margins by detailed-ization of the pattern accompanying the increment in the degree of 
integration of LSI. However, thin film-ization of the photopolymer film causes the fall of the dry etching 
resistance of a resist, it is in the middle of etching, and the problem of it becoming impossible to have shaved 
the resist pattern produces it. 

[0004] In order to solve this problem, the resist pattern which formed resin film, such as novolak resin, as a 
lower layer resist on the processed film, and was formed on the lower layer resist is imprinted to a lower layer 
resist, and the pattern transfer approach of the three-layer resist method and the two-layer resist method for 
processing the processed film, using a lower layer resist as an etching mask is used from the former. 
[0005] Hereafter, the three-layer resist method is explained with reference to drawin g 5 and 6. First, on the 
processed film 22 formed on the substrate 21, sequential formation of the lower layer resist 23, the middle class 
24, and the upper resist 25 is carried out ( drawing 5 (a)), pattern exposure is performed to the upper resist 25, 
and resist pattern 25a is formed ( drawin g 5 (b)). Subsequently, the middle class 24 is etched by the dry etching 
method ( drawin g 5 (c)), and the lower layer resist 23 is etched, using obtained middle class pattern 24a as an 
etching mask, using upper resist pattern 25a as an etching mask ( drawin g 6 (a)). 

[0006] The pattern imprint of the upper resist pattern 25a is carried out by the above approach at the lower 

layer resist 23, and the processed film 22 is etched, using lower layer resist pattern 23a as an etching mask 

( drawin g 6 (b)). And lower layer resist pattern 23a is alternatively exfoliated from the processed film ( drawin g 6 

(c». 

[0007] However, by the time it carries out the pattern imprint of the upper resist pattern 25a at the lower layer 
resist 23, 2 times of etching processes are required of this three-layer resist method. Therefore, while process 
KOTOSU started, it was difficult for it to become impossible to disregard the dimension conversion difference 
produced for every etching process, and to process the processed film into a desired dimension. 
[0008] Moreover, by the two-layer resist method, on the processed film, sequential formation of a lower layer 
resist and the silicon content resist is carried out, pattern exposure is performed to a silicon content resist, a 
resist pattern is formed, the mask of this resist pattern is carried out, it is used, and a lower layer resist is 
etched. By this approach, although the routing counter could be reduced compared with the three-layer resist 
method, since the silicon content resist was used, there was a problem that resolution fell, compared with the 
case where the usual resist is used. 
[0009] 

[Problem(s) to be Solved by the Invention] This invention reduces the dimensional change difference which is 

made in view of the above situation, and reduces an etching routing counter in the three-layer resist method, 

and is produced by etching, and aims at offering the manufacture approach of the semiconductor device which 

makes it possible to process the processed film with a sufficient dimension controllability. 

[0010] In the three-layer resist method, other purposes of this invention reduce the dimensional change 

difference which reduces an etching routing counter and is produced by etching, and are to offer the pattern 

formation approach which makes it possible to process the processed film with a sufficient dimension 

controllability. 

[0011] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, this invention (claim 
1) (a) The process which forms the silicon organic film which contains in a principal chain the compound which 
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has Si-Si association on the processed film, (b) The process which forms the silicon film on said silicon organic 
film, and the process which forms the photopolymer film on the (c) aforementioned silicon film, (d) The process 
which performs pattern exposure to said photopolymer film, and forms a resist pattern, (e) The process which 
etches said silicon film and said silicon organic film collectively, using said resist pattern as an etching mask, (g) 
The manufacture approach of a semiconductor device of providing the process which etches said processed film, 
and the process which removes the (h) aforementioned silicon organic film is offered using the pattern of said 
silicon film formed of said etching, and said silicon organic film as an etching mask. 

[0012] This invention (claim 2) is characterized by said processed film being a kind chosen from the group which 
consists of a silicon substrate, the conductive film, an insulator layer that consists of an organic system 
ingredient, and an insulator layer containing a silicon atom in the manufacture approach (claim 1) of an above- 
mentioned semiconductor device. 

[0013] The process which forms the silicon organic film containing the compound which has siloxane association 
on the insulator layer in which this invention (claim 3) contains (a) silicon atom, (b) The process which forms the 
silicon film on said silicon organic film, and the process which forms the photopolymer film on the (c) 
aforementioned silicon film, (d) The process which performs pattern exposure to said photopolymer film, and 
forms a resist pattern, (e) The process which etches said silicon film, using said resist pattern as an etching 
mask, (g) The process which etches said silicon organic film and the insulator layer containing said silicon atom 
collectively, using the pattern of said silicon film formed of said etching as an etching mask, (h) The manufacture 
approach of a semiconductor device of providing the process which removes said silicon organic film is offered. 
[0014] This invention (claim 4) is characterized by forming it by baking, after said silicon organic film applies the 
solution which dissolved in the organic solvent and obtained the compound which has siloxane association in the 
manufacture approach (claim 3) of an above-mentioned semiconductor device. 

[0015] In the manufacture approach (claim 3) of an above-mentioned semiconductor device, said silicon organic 
film applies the solution which dissolved in the organic solvent and obtained the compound which has Si-Si 
association in a principal chain, and this invention (claim 5) is characterized by being formed by baking, and 
heating under the ambient atmosphere in which oxygen exists, or irradiating a energy beam. 
[0016] Thickness of said silicon organic film is characterized by this invention being 10-5000nm in the 
manufacture approach (claims 1-5) of an above-mentioned semiconductor device. 

[0017] This invention is characterized by said silicon film being an amorphous silicon or polish recon in the 
manufacture approach (claims 1-5) of an above-mentioned semiconductor device. 

[0018] Thickness of said silicon film is characterized by this invention being 10-5000nm in the manufacture 
approach (claims 1-5) of an above-mentioned semiconductor device. 

[0019] This invention is characterized by performing removal of said silicon organic film using a solvent in the 
manufacture approach (claims 1-5) of an above-mentioned semiconductor device. 

[0020] The process which forms the 1st silicon organic film containing the compound which has siloxane 
association on the insulator layer in which this invention (claim 6) contains (a) silicon atom, (b) The process 
which forms the 2nd silicon organic film which contains in a principal chain the compound which has Si-Si 
association on said silicon organic film, (c) The process which forms the photopolymer film on said 2nd silicon 
organic film, (d) The process which performs pattern exposure to said photopolymer film, and forms a resist 
pattern, (e) The process which etches said 2nd silicon organic film, using said resist pattern as an etching mask, 
(g) The process which etches the insulator layer containing said the 1st silicon organic film and said silicon atom 
collectively, using said pattern of the 2nd silicon organic film formed of said etching as an etching mask, (h) The 
manufacture approach of a semiconductor device of providing the process which removes said 1st silicon 
organic film is offered. 

[0021] This invention (claim 7) is characterized by forming it by baking, after said 1st silicon organic film applies 
the solution which dissolved in the organic solvent and obtained the compound which has siloxane association in 
the manufacture approach (claim 6) of an above-mentioned semiconductor device. 

[0022] In the manufacture approach (claim 6) of an above-mentioned semiconductor device, said 1st silicon 
organic film applies the solution which dissolved in the organic solvent and obtained the compound which has Si- 
Si association in a principal chain, and this invention (claim 8) is characterize by being form by baking, and 
heating under the ambient atmosphere in which oxygen exists, or irradiating ultraviolet radiation. 
[0023] This invention is characterized by performing removal of said silicon organic film using a solvent in the 
manufacture approach (claims 1-8) of an above-mentioned semiconductor device. 

[0024] It is characterized by the compound with which this invention (claim 9) has Si-Si association in said 
principal chain in the manufacture approach (claims 1, 5, 6, and 8) of an above-mentioned semiconductor device 
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being polysilane or polysilene. 

[0025] Said process (e) or (g) is characterized by performing this invention (claim 10) in the manufacture 
approach (claims 1, 3, and 6) of an above-mentioned semiconductor device by reactant plasma etching, 
magnetron reactivity plasma etching, electron beam plasma etching, TCP etching, ICP etching, or ECR plasma 
etching. 

[0026] It is characterized by the insulator layer in which this invention (claim 11) contains said silicon atom in 
the manufacture approach (claims 2, 3, and 6) of an above-mentioned semiconductor device being the silicon 
oxide film, a silicon nitride film, an oxidation silicon nitride film, or spin-on glass film. 

[0027] This invention is characterized by pattern exposure of said process (d) including the exposure process by 
the electron beam at least in the manufacture approach (claims 1, 3, and 6) of an above-mentioned 
semiconductor device. 

[0028] The process at which this invention (claim 12) forms the silicon organic film which contains in a principal 
chain the compound which has Si-Si association on the film processed [ (a) ], (b) Pattern exposure is performed 
to the process which forms the photopolymer film on said silicon organic film, and the (c) aforementioned 
photopolymer film. The process which forms a resist pattern is provided and the pattern formation approach 
characterized by forming membranes when said silicon organic film applies the compound which has Si-Si 
association in said principal chain, and the solution which contains at least the solvent with which an unsaturated 
bond is not contained is offered. 

[0029] This invention (claim 13) is characterized by the compound which has Si-Si association in said principal 
chain being a compound which hydrogen combined with the silicon of said principal chain in the above-mentioned 
pattern formation approach (claim 12). 

[0030] Hereafter, the manufacture approach of the semiconductor device of this invention is explained more to a 
detail. 

[0031] First, the manufacture approach of the semiconductor device concerning the 1st mode of this invention is 
explained with reference to drawin g 1 and 2. 

[0032] As shown in drawin g 1 (a), sequential formation of the silicon organic film 3 which contains in a principal 
chain the compound which has Si-Si association on the processed film 2 (for example, conductive film 2 formed 
on the silicon substrate 1), the silicon film 4, and the photopolymer film 5 is carried out. Hereafter, each 
ingredient and the membrane formation approach are explained. 

[0033] The insulator layer which consists of organic system ingredients, such as conductive film which consists 
of a wiring material formed on the silicon substrate and the silicon substrate, an electrode material, etc. as 
processed film, polyimide, and SOG, or blank mask material can be used. 

[0034] First, the silicon organic film 3 which contains in a principal chain the compound which has Si-Si 
association as a lower layer resist is formed in the following procedures on the processed film 2. That is, the 
compound which has Si-Si association in a principal chain is dissolved in an organic solvent, and a solution 
ingredient is created. As a compound which has Si-Si association in a principal chain, the following chemical 
formula 1-1 to 1-19 and the polysilane which shows 2-1 to 2-1-13, polysilene, etc. can be mentioned, for 
example. In addition, n in these chemical formulas and m express a positive integer, although especially the 
molecular weight of these compounds is not limited — desirable — 200-100,100 — 500-30,000 are more 
preferably good. 
[0035] 
[Formula 1] 
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[0036] 
[Formula 2] 
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[0037] 
[Formula 3] 
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[0038] 

[Formula 4] 
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[0039] A compound may mix some kinds of compounds, without restricting to one kind. Moreover, an adhesion 
improver may be added, in order to plan storage stability and to raise the adhesion of a thermal polymerization 
inhibitor, a substrate, etc. if needed. Although it will not be especially limited as an organic solvent if a compound 
is dissolved, non-polar solvents, such as polar solvents, such as ethers solvents, such as ester solvents, such as 
cellosolve system solvents, such as ketones, such as an acetone, a methyl ethyl ketone, methyl isobutyl ketone, 
and a cyclohexanone, methyl cellosolve, methyl-cellosolve acetate, and ethylcellosolve acetate, butyl acetate, 
and isoamyl acetate, and an anisole, toluene, a xylene, naphtha, and a cumene, are mentioned, for example. 
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[0040] The solvent which does not include an unsaturated bond more preferably has an anisole, toluene, a 
xylene, naphtha, a desirable cumene, etc. The reason reacts with the compound with which an unsaturated bond 
has said Si-Si association in a principal chain, the oxygen in a solvent combines with silicon, and oxidation 
reaction advances. As said compound, since the reaction of the unsaturated bond included in said hydrogen 
radical and solvent is high when the compound which hydrogen combined with the silicon of a principal chain 
shown in the above-mentioned chemical formula 2-1 to 2-9 is used, oxidation tends [ especially ] to take place. 
Therefore, advance of oxidation in a solution can be suppressed by using what does not include an unsaturated 
bond as a solvent. 

[0041] After creating a solution ingredient by the above approach and applying by the spin coating method on 
the processed film 2, a solvent is evaporated by baking and the silicon organic film 3 is formed. The thickness of 
the silicon organic film 3 has desirable about 10-5000nm. 

[0042] Subsequently, the silicon film 4 is formed on the silicon organic film 3 as an interlayer. The thickness of 
the silicon film 4 has desirable about 10-5000nm. As silicon film 4, n mold polish recon and p mold polish recon 
which doped P, B, and As are also contained in these silicon film other than an amorphous silicon and polish 
recon. 

[0043] Next, the photopolymer film 5 is formed on the silicon film as an upper resist. As a class of photopolymer 
film 5, if it is the constituent in which patterning is possible, especially limitation will not be carried out by energy 
beams, such as the light, ultraviolet radiation, an X-ray, and an electron beam. Its 10~5000nm of the thinner 
possible ones is preferably good in order to raise the definition, the focal tolerance, or light exposure tolerance 
at the time of exposure, although the thickness of the photopolymer film 5 has more preferably good 50-1000nm. 

[0044] A positive type or a negative mold can be chosen and used for these photopolymer film according to the 
purpose. Specifically as a resist of a positive type, the resist (IX-770, Japan Synthetic Rubber Co., Ltd. make) 
which consists of naphthoquinonediazide and novolak resin, the chemistry magnification mold resist (APEX-E, 
cypripedium rhe company make) which consists of polyvinyl phenol resin which protected by t-BOC, and an 
onium salt are mentioned, for example. Moreover, as a resist of a negative mold, although the chemistry 
magnification mold resist (XP-89131, cypripedium rhe company make) which consists of a polyvinyl phenol, 
melamine resin, and a photo-oxide generating agent, the resist (RD-2000D, Hitachi Chemical Co., Ltd. make) 
which consists of a poly virile phenol and a bis-azide compound are mentioned, it is not limited to these, for 
example. 

[0045] By the standing wave generated in the resist film 5, in order to prevent the dimension controllability of 
resist pattern 5a deteriorating, into a photopolymer, colors which absorb ultraviolet radiation, such as a coumarin 
and a curcumine, may be added, and the transparency of the resist film 5 may be reduced. Moreover, the upper 
antireflection film may be formed on the resist film 5, and the standing wave generated in the resist film may be 
stopped by reducing the light reflex in the interface of the resist film and air. As such an upper antireflection 
film, for example, Aquatar by Hoechst A.G. etc. can be mentioned. 

[0046] As shown in drawin g 1 (b), energy beams which are exposure light, such as the light and ultraviolet 
radiation, are irradiated to the photopolymer film 5 through a mask with the pattern of the request which carries 
out patterning of the photopolymer film 5, and forms resist pattern 5a. As the light source for irradiating 
exposure light, excimer lasers, such as a mercury-vapor lamp, XeF (wavelength = 351 nm), XeCI (wavelength = 
308nm), KrF (wavelength = 248nm), KrCI (wavelength = 222nm), and ArF (wavelength = 193nm), F2 (wavelength = 
151nm), can be mentioned. In addition, an X-ray or an electron beam may be used for exposure light. 
[0047] A development is performed using the organic solvent of inorganic alkali water solutions, such as organic 
alkali water solutions, such as tetramethylammonium hydroxide and a choline, a sodium hydroxide, and a 
potassium hydroxide, a xylene, and an acetone, and, as for the photopolymer film 5 after exposure, resist pattern 
5a is formed. 

[0048] As shown in drawin g 1 (c), the silicon film 4 and the silicon organic film 3 are etched collectively, using 
resist pattern 5a as an etching mask. 

[0049] As an etching system, etching systems, such as a reactant plasma-etching method, a magnetron 
reactivity plasma-etching method, an electron beam plasma-etching method, a TCP etching method, an ICP 
etching method, or an ECR plasma-etching method, can be used, for example. 

[0050] As source gas, SF6, NF3, F2, CF4, CF3 CI, CF2 CI2. CF3 Br, CCI4, and C2 F5 CI2, C two F6, CHF3, SiF4 
and Br2, 12, SF4, and HBr, HI and CI2 etc. — at least one sort or these gas systems in halogen system gas — 
Ar, N2, and H2 The added gas system can be mentioned. By using these source gas as etchant, etching of the 
silicon film 4 and the silicon organic film 3 can be put in block, and can be performed. 
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[0051] Moreover, by using these etchant, the high etch selectivity of the silicon film 4 to a resist and the silicon 
organic film 3 can be taken, a dimension controllability is good and etching of the silicon film 4 and the silicon 
organic film 3 can be performed. A lifting and volatile products produce a chemical reaction and the atom with 
which these etchant is contained in the resist film, and the silicon contained in the silicon film 4 and the silicon 
organic film 3 to what the reaction which generates volatile products cannot occur in easily depend this on 
volatilizing. Especially, it is CI2. Or it is desirable to use the source gas containing HBr, and the silicon film 4 and 
the silicon organic film 3 can be etched by the high selection ratio by using these source gas. Consequently, in 
case the processed film 2 is etched, the silicon film 4 and the silicon organic film 3 with required thickness can 
be etched by resist pattern 5a of thin thickness. 

[0052] As shown in drawing 2 (a), the processed film 2 is etched using silicon organic film pattern 3a formed by 
the above approach, and silicon film pattern 4a as an etching mask. 

[0053] Silicon organic film pattern 3a is exfoliated with an organic solvent after etching termination of the 
processed film 2. Even when silicon film pattern 4a or resist pattern 5a remains on silicon organic film pattern 3a, 
it can exfoliate together by carrying out dissolution removal of the lower layer silicon organic film pattern 3a 
( drawin g 2 (b)). 

[0054] As an usable organic solvent, non-polar solvents, such as polar solvents, such as ethers solvents, such 
as ester solvents, such as cellosolve system solvents, such as ketones, such as an acetone, a methyl ethyl 
ketone, methyl isobutyl ketone, and a cyclohexanone, methyl cellosolve, methyl-cellosolve acetate, and 
ethylcellosolve acetate, ethyl acetate, butyl acetate, and isoamyl acetate, and an anisole, toluene, a xylene, 
naphtha, and a cumene, are mentioned to exfoliation of the silicon organic film. 

[0055] When said silicon organic film shows acidity, dissolution removal can be carried out with an alkali solution 
called inorganic alkali water solutions, such as organic alkali water solutions, such as tetramethylammonium 
hydroxide and a choline, and a potassium hydroxide. Moreover, a high energy beam may be irradiated to the 
organic film of silicon, Si-Si association of a principal chain may be changed into siloxane association, and 
dissolution removal may be carried out with polar solvents, such as fluoric acid, buffer fluoric acid or an acetone, 
a methanol, ethanol, and isopropanol. 

[0056] In the approach of this invention, since the organic silicon film used as a lower layer resist is the same 
organic polymer as resin film, such as novolak resin used as a lower layer resist of a three-layer resist from the 
former, it can be alternatively exfoliated to the processed film with these organic solvents. 
[0057] Since it became possible to put in block the middle class and a lower layer resist as mentioned above, 
and to etch, the routing counter of etching required by processing of the processed film was able to be reduced. 
Consequently, the dimension conversion difference produced for every etching could be made small process 
cost was not only reduced, but, and it became possible to carry out etching processing of the processed film 
with a desired dimension. 

[0058] Each process is the same as that of the 1st above-mentioned mode using the insulator layer in which the 
manufacture approach of the semiconductor device concerning the 2nd mode of this invention contains a silicon 
atom as processed film. In addition, as an insulator layer containing a silicon atom, the silicon oxide film, a silicon 
nitride film, an oxidation silicon nitride film, or the spin-on glass film can be used. 

[0059] Here, the etching approach of the silicon oxide film is explained. As an etching system, etching systems, 
such as a reactant plasma-etching method, a magnetron reactivity plasma-etching method, an electron beam 
plasma-etching method, a TCP etching method, an ICP etching method, or an ECR plasma-etching method, can 
be used, for example. 

[0060] If the etch selectivity of the silicon oxide film to the silicon film and the silicon organic film can be taken 
as source gas Although not limited especially, for example SF6, NF3, CF4, and C four F8, CHF3, C two F6, and C 
three F8 etc. — at least one sort or these gas systems in the gas system containing fluorine — Ar, N2, H2, CO, 
and 02 The added gas system can be mentioned. 

[0061] Although the polymerization film will accumulate on the front face of the silicon film and the silicon 
organic film if it etches using these source gas, on the surface of an insulator layer, it is hard to deposit, and 
becomes easy to etch an insulator layer compared with the silicon film and said silicon organic film. 
[0062] Consequently, by using these source gas for etching of the silicon oxide film, a high selection ratio 
required for processing of the silicon oxide film can be obtained easily, a dimension controllability is good and the 
silicon oxide film can be etched. When deposition of the polymerization film becomes remarkable on the front 
face of the silicon film or the silicon organic film and an etching configuration deteriorates at this time, it is 
desirable by adding an argon in source gas or adding oxygen to remove the polymerization film. 
[0063] As mentioned above, in the case of spin-on glass film [ a silicon nitride film an oxidation silicon nitride 
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film, and ] as well as the case of the silicon oxide film, although the case where the processed film was silicon 
oxide film was explained, large etch selectivity with the silicon film and the silicon organic film can be taken. 
[0064] Next, the silicon organic film can be exfoliated like the approach concerning the 1st mode. Even when the 
silicon film and a resist pattern remain on the silicon organic film at this time, it can exfoliate together by 
carrying out dissolution removal of the silicon organic film. 

[0065] Next, with reference to drawin g 3 and drawin g 4 , the manufacture approach of the semiconductor device 
concerning the 3rd mode of this invention is explained. 

[0066] The silicon organic film 13 containing the compound which has siloxane association is formed as a lower 
layer resist on the insulator layer 12 containing the silicon atom which is the processed film formed on the wafer 
substrate 1 1, for example, the silicon oxide film, and a silicon nitride film. Although especially the thickness of the 
silicon organic film 13 is not limited, 10-5000nm is preferably good. The silicon organic film 13 can be formed by 
two kinds of approaches, the following 1 and 2. 

[0067] 1) Dissolve the compound which has siloxane association in an organic solvent, and create a solution 
ingredient. The polysiloxane which shows siloxane association, for example in the following type 3-1 to 3-24 as a 
compound which it has in a principal chain can be mentioned, n in these chemical formulas is a positive integer, 
although especially the molecular weight of these compounds is not limited — desirable — 200-100,000 — 500- 
30,000 are especially preferably good. A compound may mix some kinds of compounds, without restricting to one 
kind. Moreover, an adhesion improver may be added, in order to plan storage stability if needed and to raise the 
adhesion of a thermal polymerization inhibitor, a substrate, etc. 
[0068] 
[Formula 5] 
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[Formula 6] 
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[0070] 
[Formula 7] 
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[0071] Although it will not be limited as an organic solvent especially if a compound is dissolved, non-polar 
solvents, such as polar solvents, such as ethers solvents, such as ester solvents, such as cellosolve system 
solvents, such as ketones, such as an acetone, a methyl ethyl ketone, methyl isobutyl ketone, and SHIROKU 
hexa non, methyl cellosolve, methyl-cellosolve acetate, and ethylcellosolve acetate, ethyl acetate, butyl acetate, 
and isoamyl acetate, and an anisole, toluene, a xylene, naphtha, and a cumene, are mentioned, for example. 
[0072] After creating a solution ingredient by the above approach and applying a solution ingredient by the spin 
coating method on the processed film, the silicon organic film can be formed by baking and evaporating a 
solvent. 

[0073] 2) Dissolve the compound which has Si-Si association in a principal chain in an organic solvent, and 
create a solution ingredient. The polysilane or polysilene which shows Si-Si association, for example in the 
following type 4-1 to 4-9 as a compound which it has in a principal chain can be mentioned, although especially 
the molecular weight of these compounds is not limited — desirable — 200-100,000 — 500-30,000 are 
especially preferably good. A compound may mix some kinds of compounds, without restricting to one kind. 
Moreover, an adhesion improver may be added, in order to plan storage stability if needed and to raise the 
adhesion of a thermal polymerization inhibitor, a substrate, etc. 

[0074] Although it will not be limited as an organic solvent especially if a compound is dissolved, non-polar 
solvents, such as polar solvents, such as ester solvents, such as cellosolve system solvents, such as ketones, 
such as an acetone, a methyl ethyl ketone, methyl isobutyl ketone, and a cyclohexanone, methyl cellosolve, 
methyl-cellosolve acetate, and ethylcellosolve acetate, ethyl acetate, butyl acetate, and isoamyl acetate, 
toluene, and a xylene, are mentioned, for example. 

[0075] After creating a solution ingredient by the above approach and applying a solution ingredient by the spin 
coating method on the processed film, the silicon organic film 13 is formed by baking and evaporating a solvent. 
Subsequently, by irradiating a high energy beam under the ambient atmosphere in which baking is carried out 
under the ambient atmosphere in which oxygen exists at the temperature of the range of 50 degrees C - 1 000 
degrees C, or oxygen exists, association of silicon and silicon can be oxidized and siloxane association can be 
formed. As a high energy beam, ultraviolet radiation, an electron beam, an ion beam, and an X-ray can be 
mentioned. 

[0076] The thickness of the silicon organic film 13 formed as mentioned above has desirable about 10-5000nm. 
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[0077] Next, the silicon film 14 is formed on the silicon organic film 13 as an interlayer. The thickness of the 
silicon film 14 has desirable about 10-5Q00nm. As silicon film 14, n mold polish recon and p mold polish recon 
which doped P, B, and As are also contained in these silicon film other than an amorphous silicon and polish 
recon. 

[0078] Next, the photopolymer film 15 is formed on the silicon film 14 as an upper resist ( drawin g 3 (a)). As a 
class of photopolymer film 15, if it is the constituent in which patterning is possible, it will not be especially 
limited by energy beams, such as the light, ultraviolet radiation, an X-ray, and an electron beam. Although the 
thickness of the photopolymer film 15 has 10-5,000nm desirable further 5Q-1000nm, in order to raise the 
definition, the focal tolerance, or light exposure tolerance at the time of exposure, the thinner possible one is 
good. Moreover, a positive type or a negative mold can be chosen and used for these photopolymer film 
according to the purpose. 

[0079] The chemistry magnification mold resist (APEX-E, cypripedium rhe company make) which consists of 
polyvinyl phenol resin which protected the example of a concrete photopolymer by the resist (IX-770, Japan 
Synthetic Rubber Co., Ltd. make) which consists of naphthoquinonediazide and novolak resin as a resist of a 
positive type, for example, and t-BOC, and an onium salt is mentioned. Moreover, as a resist of a negative mold, 
the chemistry magnification mold resist (XP-89131, cypripedium rhe company make) which consists of a 
polyvinyl phenol, melamine resin, and a photo-oxide generating agent, the resist (RD-2000D, Hitachi Chemical 
Co., Ltd. make) which consists of a poly virile phenol and a bis-azide compound are mentioned, for example. 
However, it is not limited to these. 

[0080] In order to prevent the dimension controllability of a resist pattern deteriorating by the standing wave 
generated in the resist film, into the photopolymer film, colors which absorb ultraviolet radiation, such as a 
chestnut man and a curcumine, may be added, and the transparency of the resist film may be reduced. 
Moreover, the upper antireflection film may be formed on the resist film, and the standing wave generated in the 
resist film may be stopped by reducing the light reflex in the interface of the resist film and air. As such an 
upper antireflection film, for example, Aquatar by Hoechst A.G. etc. can be mentioned. 

[0081] Next, energy beams which are exposure light, such as the light and ultraviolet radiation, are irradiated to a 
resist through the mask which has a desired pattern. As the light source for irradiating exposure light, excimer 
lasers, such as a mercury-vapor lamp, XeF (wavelength = 351 nm), XeCI (wavelength = 308nm), KrF (wavelength = 
248nm), KrCI (wavelength = 222nm), and ArF (wavelength = 193nm), F2 (wavelength = 151nm), can be mentioned. 
In addition, as an exposure light, not only laser but an X-ray or an electron beam may be used. 
[0082] A development is performed using organic solvents, such as inorganic alkali water solutions, such as 
organic alkali water solutions, such as tetramethylammonium hydroxide and a choline, a sodium hydroxide, and a 
potassium hydroxide, a xylene, and an acetone, and, as for the resist after exposure, resist pattern 15a is formed 
( drawin g 3 (b)). 

[0083] Next, the silicon film 14 is etched, using resist pattern 15a as an etching mask ( drawin g 3 (c)). As an 
etching system, etching systems, such as a reactant plasma-etching method, a magnetron reactivity plasma- 
etching method, an electron beam plasma etching method, a TCP etching method, an ICP etching method, or an 
ECR plasma-etching method, can be used, for example. 

[0084] As source gas, SF6, NF3, F2, CF4, CF3 CI, CF2 CI2, CF3 Br, CCI4, and C2 F5 CI2, C two F6, CHF3, SiF4 
and Br2, 12, SF4, and HBr, HI and CI2 etc. — at least one sort or these gas systems in halogen system gas — 
Ar, N2, and H2 The added gas system can be mentioned. 

[0085] By using these source gas as etchant, the high etch selectivity of the silicon film 14 to a resist can be 
taken, and the silicon film 14 can be etched with a sufficient dimension controllability. This is because a lifting 
and volatile products produce a chemical reaction with the silicon contained in the silicon film 14 to what the 
reaction which generates volatile products cannot occur in easily and it volatilizes with the atom with which 
these etchant is contained in a resist. 

[0086] Especially, it is CI2. Or it is desirable to use the source gas containing HBr, and the silicon film can be 
etched by the high selection ratio by using these source gas. Consequently, in case insulator layers, such as a 
spin-on glass, silicon oxide film, or a silicon nitride film, are etched, the silicon film 14 which has thickness 
required to function as an etching mask can be etched, using resist pattern 1 5a of thin thickness as a mask. 
[0087] The silicon organic film 13 and the silicon oxide film 12 are etched collectively, using resist pattern 15a 
and silicon film pattern 14a which were formed by the above approach as an etching mask ( drawin g 4 (a)). As an 
etching system, etching systems, such as a reactant plasma-etching method, a magnetron reactivity plasma- 
etching method, an electron beam plasma-etching method, a TCR etching method, an ICP etching method, or an 
ECR plasma-etching method, can be used, for example. 
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[0088] Although it will not be limited especially if the etch selectivity of the silicon organic film 13 and the silicon 
oxide film 12 can be taken to the silicon film 14 as source gas for example, SF6, NF3 f CF4 f C four F8, CHF3, C 
two F6, and C three F8 etc. — at least one sort or these gas systems in the gas system containing fluorine — 
Ar, N2, H2 t CO, and 02 The added gas system can be mentioned. 

[0089] Although the polymerization film will accumulate on the front face of the silicon film and the silicon 
organic film if it etches using these source gas, on the surface of an insulator layer, it is hard to deposit, and 
becomes easy to etch an insulator layer compared with the silicon film and said silicon organic film. 
[0090] Consequently, by using these source gas for etching of the silicon organic film and the silicon oxide film, a 
high selection ratio required for processing of the silicon organic film and the silicon oxide film can be obtained 
easily, and etching of the silicon organic film and the silicon oxide film can be put in block, and can be performed 
with a sufficient dimension controllability. When deposition of the polymerization film becomes remarkable on the 
front face of a resist or the silicon film and an etching configuration deteriorates at this time, it is desirable by 
adding an argon in source gas or adding oxygen to remove the polymerization film. 

[0091] As mentioned above, although the case where the processed film was silicon oxide film was explained, 
also when processed film is a silicon nitride film, an oxidization nitride, and spin-on glass film, the silicon film can 
be etched by the selection ratio high as an etching mask. 

[0092] Next, the silicon organic film 13 is exfoliated with a solvent. Since the silicon organic film used by this 
invention includes siloxane association, when the silicon organic film shows acidity, dissolution removal of it can 
be carried out with an alkali solution called inorganic alkali water solutions, such as organic alkali water solutions, 
such as tetramethylammonium hydroxide and a choline, and a potassium hydroxide. Moreover, a high energy 
beam may be irradiated to the silicon organic film, Si-Si association of a principal chain may be changed into 
siloxane association, and dissolution removal may be carried out with polar solvents, such as fluoric acid, buffer 
fluoric acid or an acetone, a methanol, ethanol, and isopropanol. 

[0093] Since dissolution removal of the lower layer silicon organic film was carried out even when a resist 
pattern or the silicon film remained on the silicon organic film at that time, it can exfoliate in coincidence. 
[0094] When the processed film is silicon oxide or silicon nitride as mentioned above according to the 3rd mode 
of this invention, it is possible to take the high etch selectivity of the silicon oxide film (silicon nitride film) to the 
etching mask which consists of the middle class and a lower layer resist. Consequently, it is in the middle of 
etching of the silicon oxide film (silicon nitride film), and it becomes a dimension controllability is good and 
possible to etch the silicon oxide film (silicon nitride film), without an etching mask retreating. 
[0095] The manufacture approach of the semiconductor device concerning the 4th mode of this invention uses 
the silicon organic film (2nd silicon organic film) containing the compound which was used in the 1st mode and 
which has Si-Si association in a principal chain instead of the silicon film. Etching of the 2nd silicon organic film 
performed using the resist pattern in this case as a mask is performed like the 1 st - the 3rd mode. 
[0096] 

[Embodiment of the Invention] 

Polysilane 8g of the mean molecular weight 8000 shown in the example 1 above-mentioned formula 2-2 was 
dissolved in anisole 92g, and the solution ingredient of a lower layer resist was created. On the tungsten film 2 of 
300nm of thickness formed on the silicon wafer 1 , after applying the solution ingredient of a lower layer resist by 
the spin coating method, baking was performed for 90 seconds at 80 degrees C, and the lower layer resist film 3 
was formed. The thickness of the lower layer resist 3 at this time is 300nm. then, the lower layer resist film 3 
top — as an interlayer — the amorphous silicon film 4 of 200nm of thickness — LPCVD — membranes were 
formed by law. 

[0097] Subsequently, on the middle class 4, positive type chemistry magnification mold resist APEX-E by the 
cypripedium rhe company was applied, baking was performed for 120 seconds at 98 degrees C, and the upper 
resist film 5 was formed ( drawin g 1 (a)). The thickness of the upper resist film 5 at this time is 200nm. Next, 
after performing pattern exposure using the contraction optical mold stepper who made KrF excimer laser light 
the light source (light exposure 30 mJ/cm2) and performing baking for 120 seconds at 98 degrees C, the TMAH 
developer of 0.21 conventions performed the development and 0.1 8-micrometer last shipment pattern 5a was 
formed ( drawin g 1 (b)). 

[0098] The thickness of resist pattern 5a is 180nm. When cross-section SEM observation of the resist pattern 5 
was carried out, as shown in drawin g 1 (b), it has checked that pattern formation had been carried out in the 
good configuration. 

[0099] The interlayer 4 and the lower layer resist 3 were collectively etched with the magnetron mold RIE 
system, using the resist pattern 5 formed as mentioned above as an etching mask ( drawin g 1 (c)). It is CI2 of 

http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web.cgi_eije 2004/1 0/1 2 



14/21 V 



flow rate 20SCCM as source gas. The middle class 4 and the lower layer resist 3 were able to be etched 
collectively, without it becoming impossible for resist pattern 5a to have deleted on the way, when it used and 
being etched on the etching conditions of excitation power 300W and degree of vacuum 30mTorr. 
[0100] When the dimension conversion difference (= pattern width-of-face b-resist pattern width of face a of 
the lower layer resist 3) produced by etching of the lower layer resist 3 with the middle class 4 by measuring the 
width of face a of resist pattern 5a and the width of face b of lower layer resist pattern 3a in a cross section 
SEM was searched for, it turned out that there is 10nm. Moreover, the thickness of resist pattern 5a which 
remained is 130nm after etching termination. 

[0101] Furthermore, etching of the tungsten film 2 was performed using the magnetron mold reactive ion etching 
system, using middle class pattern 4a and lower layer resist pattern 3a as an etching mask ( drawin g 2 (a)). It is 
CCI4 of flow rate 30SCCM, and 02 of flow rate 20SCCM as source gas. The tungsten film 2 was able to be 
etched without it becoming impossible for middle class pattern 4a and lower layer resist pattern 3a to have 
deleted on the way, when it used and being etched on the etching conditions of excitation power 350W and 
degree of vacuum 15mTorr. By etching the tungsten film 2 at this time with the perpendicularly sufficient 
anisotropy, and measuring the width of face a of resist pattern 5a before etching, and the pattern width of face c 
of tungsten film 2a after processing termination in a cross section SEM When the dimension conversion 
difference (pattern width-of-face c-resist pattern width of face a of tungsten film 2a) produced by etching of 
the middle class 4, the lower layer resist 3, and the processed film 2 was searched for, it is 15nm and it turned 
out that it is settled in tolerance (less than 10% with a target processing dimension of 180nm). 
[0102] Next, after permeating ethyl lactate for 180 seconds in the wafer substrate 1, pure water washed the 
wafer front face and dissolution removal of the polysilane pattern 3a which adhered on tungsten film 2a was 
carried out. Since dissolution removal of the polysilane pattern 3a of a substrate was carried out at that time, 
silicon pattern 4a and resist pattern 5a were also removable to coincidence ( drawin g 2 (b)). After exfoliation, 
when the thickness of tungsten film 2a was measured, it is 300nm and it turned out that there was no film 
decrease of tungsten film 2a. 

[0103] Moreover, the silicon wafer part located directly under opening of a tungsten was not dissolved, either, 
but the resist pattern, the silicon pattern, and the lower layer resist pattern were able to be alternatively 
exfoliated from the tungsten and the silicon wafer. 

[0104] Like example of comparison 1 example 1, on the tungsten film 22 of 300nm of thickness formed on the 
silicon wafer 21, the solution ingredient which dissolved 10g of novolak resin of molecular weight 5000 in 90g of 
ethyl lactates was applied, baking was performed for 180 seconds at 220 degrees C, and the lower layer resist 
film 23 was created. The thickness of the lower layer resist film 23 behind baking is 300nm. Subsequently, it is 
Si02 of 200nm of thickness as an interlayer on the lower layer resist 23. The film 24 was formed by the LPCVD 
method ( drawin g 5 (a)). And it is Si02 with the same approach as an example 1 . Resist pattern 25a was formed 
on the film 24. When cross-section SEM observation of the resist pattern 25a was carried out, as shown in 
drawin g 5 (b), it turned out that patterning has been carried out in the good configuration. 
[0105] The interlayer was etched, using resist pattern 25a formed as mentioned above as an etching mask 
( drawin g 5 (c)). As an etching system, a magnetron mold RIE system is used and it is CI2 of flow rate 20SCCM 
as source gas. It used and etched on the etching conditions of excitation power 300W and degree of vacuum 
30mTorr. When the dimension conversion difference (the middle class's pattern width-of-face h-resist pattern 
width of face g) which measured the resist pattern width of face g and the middle class's pattern width of face h 
in the cross section SEM, and was produced by the middle class's etching was searched for, it turned out that 
there is 15nm. 

[0106] Subsequently, the lower layer resist 23 was etched, using middle class pattern 24a as an etching mask 
( drawin g 6 (a)). A magnetron mold RIE system is used for an etching system, and it is 02 of flow rate 20SCCM 
as source gas. It used and etched on the etching conditions of excitation power 300W and degree of vacuum 
30mTorr. When the dimension conversion difference which measured the resist pattern width of face d and the 
pattern width of face e of a lower layer resist in the cross section SEM, and was produced by etching of the 
lower layer resist 23 with the middle class 24 was searched for, it turned out that there is 25nm. 
[0107] Next, etching of the tungsten film 22 was performed using the magnetron mold reactive ion etching 
system, using middle class pattern 24a and lower layer resist pattern 23a as an etching mask ( drawin g 6 (b)). It 
is CCI4 of flow rate 30SCCM as source gas. And 02 of flow rate 20SCCM The tungsten film 22 was able to be 
etched without it becoming impossible for middle class pattern 24a and lower layer resist pattern 23a to have 
deleted on the way, when it used and being etched on the etching conditions of excitation power 350W and 
degree of vacuum 1 5mTorr. 
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[0108] It turned out that the pattern width of face d of resist pattern 25a and the pattern width of face f of the 
tungsten film are measured in a cross section SEM, and those with 35nm and tolerance (10% with a target 
processing dimension of 180nm) are not filled when the dimension conversion difference (pattern width-of^ace 
f^resist pattern width of face d of tungsten film 22a) produced by etching of the middle class 24, the lower layer 
resist 23, and tungsten film 22a is searched for. 

[0109] Finally, lower layer resist pattern 23a was able to be removed, and tungsten pattern 22a was able to be 
obtained ( drawin g 6 (c)). 

[01 10] It turns out that the dimension conversion difference which it not only was able to reduce process cost, 
but becomes possible [ reducing the etching process of the three layer resist method once ] by the approach of 
this invention, consequently it produces at the time of etching could be reduced from the comparison with an 
example 1 and the example 1 of a comparison, and it became possible to process the processed film with a 
desired dimension. 

[01 11] Polysilane 8g of the mean molecular weight 800 shown in the example 2 Fig. of comparison above- 
mentioned type 2-2 was dissolved in anisole 92g, and the solution ingredient of a lower layer resist was created. 
After applying the solution ingredient of a lower layer resist by the spin coating method on the tungsten film 22 
which formed membranes in the example 1, baking was performed for 90 seconds at 80 degrees C. The thickness 
of the lower layer resist 26 at this time is 300nm. And the resist pattern 27 was formed on the lower layer resist 
26 by the same approach as an example 1 . 

[01 12] When SEM observation of the cross-section configuration of a resist pattern 27 was carried out, as 
shown in drawin g 7 , it turned out that the resist remainder has arisen. This is because the silicon organic film 
and a resist reacted. Thus, although a lifting and a normal resist profile may not be obtained in a reaction, by 
making the silicon film intervene between the silicon organic film and a resist, the silicon organic film and a resist 
can prevent the reaction of a resist and the silicon organic film, and can obtain a good resist profile. 
[0113] Polysilane 8g of the mean molecular weight 8000 shown in the example 2 above-mentioned type 1-1 was 
dissolved in toluene 92g, and the solution ingredient of a lower layer resist was created. After applying the 
solution ingredient of a lower layer resist by the spin coating method on the TEOS oxide film 2 of 500nm of 
thickness formed on the silicon wafer 1, baking was performed for 90 seconds at 80 degrees C. The thickness of 
the lower layer resist 3 at this time is 100nm. then, the lower layer resist 3 top — as an interlayer 4 — the 
polish recon of 100nm of thickness — LPCVD — membranes were formed by law. And negative-mold chemistry 
magnification mold resist TDUR-N009 by TOKYO OHKA KOGYO CO., LTD. was applied on the middle class 4, 
and baking was performed for 120 seconds at 98 degrees C ( drawin g 1 (a)). The thickness of the resist 5 at this 
time is 150nm. 

[01 14] Next, after performing pattern exposure using the contraction optical mold stepper who made KrF 
excimer laser light the light source (light exposure 30 mJ/cm2) and performing baking for 120 seconds at 98 
degrees C, the TMAH developer of 0.27 conventions performed the development and resist pattern 5a of 
0.18microml_/S was formed. The thickness of resist pattern 5a is 130nm. When cross-section SEM observation 
of the resist pattern 5a was carried out, it has checked that pattern formation had been carried out in the good 
configuration as shown in drawin g 1 (b). 

[01 15] The magnetron mold RIE system performed etching of an interlayer 4 and the lower layer resist 3, using 
the resist pattern formed as mentioned above as an etching mask ( drawin g 1 (c)). The middle class 4 and the 
lower layer resist 3 were able to be etched collectively, without it becoming impossible for resist pattern 5a to 
have deleted on the way, when etched on the etching conditions of excitation power 300W and degree of 
vacuum 30mTorr, using HBr of flow rate 20SCCM as source gas ( drawin g 1 (c)). 

[01 16] As shown in drawin g 1 (c), when the dimension conversion difference produced by etching of the middle 
class 4 and the lower layer resist 3 by etching the processing configurations of middle class pattern 4a and lower 
layer resist pattern 3a with the perpendicularly sufficient anisotropy, and measuring the resist pattern width of 
face a and the pattern width of face b of lower layer resist pattern 4a in a cross section SEM was searched for, 
it turned out that there is 10nm. Moreover, the thickness of the resist which remained is 100nm after etching 
termination. 

[0117] Furthermore, the TEOS oxide film was etched with the magnetron mold reactive ion etching system, using 
middle class pattern 4a and lower layer resist pattern 3a as an etching mask ( drawin g 2 (a)). The TEOS oxide 
film 2 was able to be etched without it becoming impossible for middle class pattern 4a and lower layer resist 
pattern 3a to have deleted on the way, when etched on the etching conditions of excitation power 350W and 
degree of vacuum 1 5mTorr, using C four F8 of flow rate 30SCCM, CO of flow rate 30SCCM, and Ar of flow rate 
1 60SCCM as source gas. When the dimension conversion difference produced by etching of the middle class 4, 
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the lower layer resist 3 t and the TEOS oxide film 2 by etching the TEOS oxide film 2 at this time with the 
perpendicularly sufficient anisotropy, and measuring the resist pattern width of face a and the pattern width of 
face c of processed TEOS oxide film 2a in a cross section SEM was searched for, it turned out that the inside of 
those with 15nm and tolerance (less than 10% with a target processing dimension of 180nm) is filled. 
[01 18] Next, after permeating an anisole for 180 seconds, pure water washed the front face of a wafer 1, and 
dissolution removal of the lower layer resist pattern 3a on TEOS oxide film pattern 2a was carried out. Since 
dissolution removal of the lower layer resist pattern 3a the silicon film 4 and whose resist pattern 5a are also 
substrates was carried out at that time, it was removed by coincidence ( drawing 2 (b)). After exfoliation of lower 
layer resist pattern 3a, when the thickness of TEOS oxide-film pattern 2a was measured, those [ with 500nm ] 
and TEOS oxide-film pattern 2a was not dissolved, but it turned out that film decrease has not been carried out. 

[01 19] Moreover, the silicon wafer part located directly under opening of TEOS oxide-film pattern 2a was not 
dissolved, either, but the resist pattern, the silicon pattern, and the lower layer resist pattern were able to be 
exfoliated on the TEOS oxide-film pattern and the silicon wafer, and the selection target. 
[0120] the TEOS oxide-film 32 top created by the same approach as an example 3 on the example of 
comparison 3 silicon substrate 31 — LPCVD — the polish recon film 33 of 200nm of thickness was formed by 
law. Next, the resist 34 was applied on the polish recon film 33 by the same approach as an example 1 ( drawin g 

8 (a)), and, subsequently resist pattern 34a of 0.18micromL/S was formed ( drawin g 8 (b)). Furthermore, etching 
of the polish recon film 33 was performed using the magnetron mold reactive ion etching system, using resist 
pattern 34a as an etching mask ( drawin g 9 (a)). 

[0121] That is, the polish recon film 33 was able to be etched, without resist pattern 34a's being in the middle of 
etching, and it becoming impossible to have deleted, when etched on the etching conditions of excitation power 
500W and degree of vacuum 40mTorr, using HBr of flow rate 30SCCM as source gas. 

[0122] Then, the TEOS oxide film 32 was etched by the magnetron mold etching system, using as a mask polish 
recon film 33a by which patterning was carried out. When etched on the etching conditions of excitation power 
200W and degree of vacuum 40mTorr, using C four F8 of flow rate 20SCCM, and Ar of flow rate 40SCCM as 
source gas, without being in the middle of etching and it becoming impossible to have deleted, polish recon film 
33a was able to process the TEOS oxide film 32, and was able to form TEOS oxide-film pattern 32a ( drawin g 9 
(b)). 

[0123] Next, exfoliation of polish recon film 33a used as an etching mask was performed using the chemical dry 
etching system. When etched on the etching conditions of excitation power 400W and degree of vacuum 
30mTorr, using HBr of flow rate 30SCCM as source gas, polish recon film 33a was able to be exfoliated ( drawing 

9 (c)). 

[0124] However, it turned out that the part A of the silicon wafer located directly under opening of TEOS oxide 
film pattern 32a is etched. Thus, when polish recon film 33a is used as an etching mask, it turns out that the 
problem that it will be etched to the part which should not etch the substrate film in the case of exfoliation 
arises. 

[0125] Polysilane 8g of a mean molecular weight 8000 shown in the example 3 above-mentioned formula 2-5 was 
dissolved in xylene 92g, and the solution ingredient of a lower layer resist was created. After applying the 
solution ingredient of a lower layer resist by the spin coating method on the SiN film 2 of 500nm of thickness 
formed on the silicon wafer 1 , baking was performed for 90 seconds at 80 degrees C. The thickness of the lower 
layer resist 3 at this time is 200nm. then, the lower layer resist 3 top — as an interlayer 4 — contest 
phosphorus dope polysilicon of 100nm of thickness — LPCVD — membranes were formed by law. Then, the 
negative-mold chemistry magnification mold resist XP89131 by the cypripedium rhe company was applied on the 
middle class 4, and baking was performed for 120 seconds at 98 degrees C ( drawin g 1 (a)). The thickness of the 
resist 5 at this time is 150nm. 

[0126] Next, after performing pattern exposure using the contraction optical mold stepper who made KrF 
excimer laser light the light source (light exposure 30 mJ/cm2) and performing baking for 120 seconds at 98 
degrees C, the TMAH development of 0.27 conventions was performed and resist pattern 5a of 0.18micromL/S 
was formed. The thickness of resist pattern 5a is 1 30nm. It has checked that the pattern formation of the resist 
pattern 5a had been carried out in the good configuration as shown in **, alias cross-section SEM 
and drawin g 1 (b). 

[0127] Using resist pattern 5a formed as mentioned above as an etching mask, the interlayer 4 and the lower 
layer resist 3 were put in block with the magnetron mold RIE system, and it etched ( drawin g 1 (c)). It is CF4 of 
flow rate 420SCCM as source gas. The middle class 4 and the lower layer resist 3 were able to be etched 
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collectively, without it becoming impossible for resist pattern 5a to have deleted on the way, when it used and 
being etched on the etching conditions of excitation power 300W and degree of vacuum 30mTorr ( drawin g 1 (c)). 

[0128] As shown in drawin g 1 (c), when the processing configurations of middle class pattern 4a and lower layer 
resist pattern 3a searched for the dimension conversion difference which is etched with the perpendicularly 
sufficient anisotropy, measured the resist pattern width of face a and the pattern width of face b of lower layer 
resist pattern 3a in the cross section SEM, and was produced by etching of the middle class 4 and the lower 
layer resist 3, they were below measurement limitations (5nm) observable in a cross section SEM. Moreover, the 
thickness of resist pattern 5a which remained is 100nm after etching termination. 

[0129] Furthermore, etching of the SiN film 2 was performed using the magnetron mold reactive ion etching 
system, using middle class pattern 4a and lower layer resist pattern 3a as an etching mask ( drawin g 2 (a)), as 
source gas — 02 of CHF3 of flow rate 30SCCM, CO of flow rate 80SCCM, Ar of flow rate 80SCCM, and flow 
rate 5SCCM the place which used and etched on the etching conditions of excitation power 350W and degree of 
vacuum 3mTorr — the middle class pattern 4 and the lower layer resist pattern 3 — on the way — the SiN film 
2 was able to be etched, without it becoming impossible to have come out and deleted. 

[0130] The SiN film 2 at this time is etched with the perpendicularly sufficient anisotropy, and measures the 
resist pattern width of face a before etching, and the pattern width of face c of SiN film pattern 2a after 
processing termination in a cross section SEM. When the dimension conversion difference produced by etching 
of the middle class 4, the lower layer resist 3, and the SiN film 2 was searched for, it is below a measurement 
limitation (5nm) observable in a cross section SEM, and it turned out that it is settled in tolerance (less than 10% 
with a target processing dimension of 1 80nm). 

[0131] Next, when the wafer substrate 1 was baked for 180 seconds at 180 degrees C and the infrared 
absorption spectrum was measured, absorption by siloxane association was observed in the 1 100cm-1 
neighborhood. This is because Si-Si association in polysilane oxidized by BEKU. Then, after making the wafer 
substrate 1 immersed in fluoric acid for 120 seconds, pure water washed the wafer and dissolution removal of 
the silicon organic film 3 was carried out. It was able to exfoliate alternatively at that time, without the polish 
recon film 4 on the silicon organic film 3 also dissolving the SiN film and a wafer substrate in coincidence. 
[0132] After applying the spin-on glass (trade name FOX) by Toray Industries Dow Corning by the spin coating 
method as a lower layer resist 13 on the TEOS oxide film 12 which is 300nm of thickness by which membrane 
formation was made on example 4 silicon wafer 1 1, baking was performed for 120 seconds at 200 degrees C in 
air. The thickness of the spin-on glass at this time is 100nm. Then, the amorphous silicon film 14 of 300nm of 
thickness was formed by the sputtering technique as an interlayer on the spin-on glass 13. And positive type 
chemistry magnification mold resist TDUR-P007 by TOKYO OHKA KOGYO CO., LTD. was applied on the 
amorphous silicon film 14, and baking was performed for 120 seconds at 98 degrees C ( drawin g 3 (a)). The 
thickness of the resist at this time is 200nm. 

[0133] Next, after performing pattern exposure using the contraction optical mold stepper who made KrF 
excimer laser light the light source (light exposure 30 mJ/cm2) and performing baking for 120 seconds at 98 
degrees C, the TMAH developer of 0.21 conventions performed the development and resist pattern 15a of 
0.18micromL/S was formed ( drawing 3 (b)). The thickness of this resist pattern 15a is 170nm. When cross- 
section SEM observation of the resist pattern 15a was carried out, as shown in drawing 3 (b), it has checked 
that the pattern was formed in the good configuration. 

[0134] The amorphous silicon film 14 was etched with the magnetron mold RIE system, using resist pattern 15a 
formed as mentioned above as an etching mask ( drawin g 3 (c)). That is, it is CI2 of flow rate 20SCCM as source 
gas. It was able to etch without it becoming impossible for resist pattern 15a to have deleted on the way, when it 
used and being etched on the etching conditions of excitation power 300W and degree of vacuum 30mTorr. 
[0135] In addition, the thickness of resist pattern 15a which remained is 100nm after etching termination. When 
the dimension conversion difference (pattern width-of-face e-resist pattern width of face d of an amorphous 
silicon) produced by etching of an amorphous silicon by measuring the width of face d of resist pattern 15a 
before etching and the width of face e of amorphous silicon pattern 14a in a cross section SEM was searched 
for, it turned out that there is 5nm. 

[0136] Furthermore, it presupposed that it is amorphous silicon pattern 14a as an etching mask, used, and the 
spin-on glass film 13 and the TEOS oxide film 12 were collectively etched with the magnetron mold RIE system 
( drawin g 4 (a)). It was able to etch without it becoming impossible for amorphous silicon pattern 14a to have 
deleted on the way, when etched on the etching conditions of excitation power 350W and degree of vacuum 
15mTorr, using C four F8 of flow rate 30SCCM, and Ar of flow rate 20SCCM as source gas. 
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[0137] By measuring the width of face d of resist pattern 15a before etching, and the pattern width of face f of 
TEOS oxide-film pattern 12a after processing termination in a cross section SEM The place which searched for 
the dimension conversion difference (width of face d of pattern width-of-face f-resist pattern 15a of TEOS 
oxide film pattern 12a) produced by etching of the amorphous silicon film 14, the spin-on glass film 13, and the 
TEOS oxide film 12, It turned out that it is in tolerance (less than 10% with a target processing dimension of 
180nm) by 10nm. 

[0138] Next, after the wafer substrate 1 1 was immersed in the TMAH developer of 0.27 conventions for 120 
seconds, pure water washed the front face of a wafer 11, and dissolution removal of the spin-on glass film 
pattern 13a was carried out. Since spin-on glass film pattern 13a of a substrate was removed also for the silicon 
film 14 and resist pattern 15a at that time, it was removable to coincidence ( drawing 4 (b)). After exfoliation, 
when the thickness of TEOS oxide-film pattern 12a was measured, it is 300nm and it turned out that TEOS 
oxide-film pattern 12a is not dissolved. 

[0139] Moreover, the silicon wafer part located directly under opening of TEOS oxide-film pattern 12a was not 
dissolved, either, but a resist pattern, the silicon film, and a lower layer resist were able to be exfoliated on the 
TEOS oxide film and the silicon wafer, and the selection target. 

[0140] On example of comparison 4 silicon wafer 41, the solution ingredient which dissolved 10g of novolak resin 
of molecular weight 5000 in 90g of ethyl lactates was applied on the TEOS oxide film 42 created by the same 
approach as an example 4, baking was performed for 180 seconds at 220 degrees C, and the lower layer resist 
film 43 was created. The thickness of the lower layer resist film 43 behind baking is 300nm. 
[0141] Next, it is Si02 of 200nm of thickness as an interlayer on the lower layer resist 43. The film 44 was 
formed by the LPCVD method. And it is Si02 with the same approach as an example 4. The resist film 45 was 
formed on the film 44 ( drawing 10 (a)), patterning of this was carried out and resist pattern 45a was formed 
( drawing 10 (b)). When cross-section SEM observation of this resist pattern 45a was carried out, as shown in 
drawing 10 (b), it turned out that patterning has been carried out in the good configuration. 

[0142] The interlayer 44 was etched, using as a mask resist pattern 45a formed as mentioned above ( drawing 10 
(c)). It etched into the etching system using the magnetron mold RIE system on the etching conditions of 
excitation power 300W and degree of vacuum 30mTorr, using C four F8 of flow rate 20SCCM, CO of flow rate 
100SCCM, and Ar of flow rate 200SCCM as source gas. When the dimension conversion difference (pattern 
width-of-face k-resist pattern width of face j of a middle class pattern) which measured the resist pattern width 
of face j and the pattern width of face k of middle class pattern 44a in the cross section SEM, and was produced 
by the middle class's 44 etching was searched for, it turned out that there is 15nm. 

[0143] Next, the lower layer resist 43 was etched, using middle class pattern 44a as a mask. A magnetron mold 
RIE system is used as an etching system, and it is 02 of flow rate 20SCCM as source gas. It used and etched on 
the etching conditions of excitation power 300W and degree of vacuum 30mTorr. When the dimension conversion 
difference (pattern width-of-face l-resist pattern width of face j of a lower layer resist) which measured the 
resist pattern width of face j and the pattern width of face I of lower layer resist pattern 43a in the cross section 
SEM, and was produced by etching of a lower layer resist with the middle class was searched for, it turned out 
that there is 20nm. 

[0144] Furthermore, the TEOS oxide film 42 was etched with the magnetron mold reactive ion etching system, 
using middle class pattern 44a and lower layer resist pattern 43a as a mask ( drawing 1 1 (a)). The TEOS oxide 
film 42 was able to be etched without it becoming impossible for middle class pattern 44a and lower layer resist 
pattern 43a to have deleted on the way, when etched on the etching conditions of excitation power 350W and 
degree of vacuum 15mTorr, using CO of C four F8 of flow rate 30SCCM, and flow rate 20SCCM, and Ar of flow 
rate 100SCCM as source gas. 

[0145] It turned out that the pattern width of face j of resist pattern 45a and the pattern width of face m of 
TEOS oxide film pattern 42a are measured in a cross section SEM, and it does not fit in those with 35nm, and 
tolerance (less than 10% with a target processing dimension of 180nm) when the dimension conversion difference 
(pattern width-of-face m-resist pattern width of face j of the TEOS oxide film 42) produced by etching of the 
middle class 44, the lower layer resist 43, and the TEOS oxide film 42 is searched for. 

[0146] As mentioned above, by the approach of this example of a comparison, although there were many etching 
processes once, namely, they became possible [ reducing the etching process of the three layer resist method 
once by the approach of invention ] from the approach of this invention, it understands. Consequently, the 
dimension conversion difference produced at the time of etching could be reduced it not only was able to reduce 
process cost, but, and it became possible for the processed film to be processible with a desired dimension. 
[0147] the TEOS oxide-film 52 top created on the silicon wafer 51 like example of comparison 5 example 4 — 
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LPCVD — the polish recon film 53 of 200nm of thickness was formed by law. Next, the resist 54 was applied on 
the polish recon film by the same approach with an example 4 ( drawing 12 (a)), and resist pattern 54a of 
0.18micromL/S was formed ( drawin g 12 (b)). 

[0148] Furthermore, etching of the polish recon film 53 was performed using the magnetron mold reactive ion 
etching system, using resist pattern 54a as an etching mask. The polish recon film 53 was able to be etched, 
without a resist pattern's 54 being in the middle of etching, and it becoming impossible to have deleted, when 
etched on the etching conditions of excitation power 500W and degree of vacuum 40mTorr, using HBr of flow 
rate 30SCCM as source gas (( drawing 12 ) c). 

[0149] Then, the TEOS oxide film 52 was etched using the magnetron mold etching system, using polysilicon 
party turn 53a by which patterning was carried out as an etching mask. TEOS oxide-film pattern 52a was able to 
be formed, without polysilicon party turn 53a's being in the middle of etching, and it becoming impossible to have 
deleted, when etched on the etching conditions of excitation power 200W and degree of vacuum 40mTorr, using 
C four F8 of flow rate 20SCCM, and Ar of flow rate 40SCCM as source gas ( drawin g 1 3 (a)). 
[0150] Next, exfoliation of polysilicon party turn 53a used as an etching mask was performed using the chemical 
dry etching system. When etched on the etching conditions of excitation power 400W and degree of vacuum 
30mTorr, using HBr of flow rate 30SCCM as source gas, polysilicon party turn 53a was able to be exfoliated 
( drawing 13 (b).). However, it turned out that the part A which a silicon wafer 51 exposes is etched. 
[0151] Thus, when only polysilicon party turn 53a is used as an etching mask, it turns out that the problem that 
it will be etched to the part which should not etch the substrate film in the case of exfoliation arises. 
[0152] On the TEOS oxide film 12 which is 300nm of thickness by which membrane formation was made on 
example 5 silicon wafer 11, it is Si02 by Toray Industries Dow Corning as a lower layer resist 13. After applying 
the spin-on glass (trade name FOX) by Toray Industries Dow Corning by the spin coating method as a lower 
layer resist 13 on the film 12, baking was performed for 120 seconds at 350 degrees C under the nitrogen-gas- 
atmosphere mind of 30 ppm of oxygen densities. The thickness of the spin-on glass at this time is 100nm. Then, 
the polysilane film 14 of 300nm of thickness was formed as an interlayer on the spin-on glass 13. The polysilane 
film 14 formed membranes by performing baking for 120 seconds at 160 degrees C, after applying the solution 
which dissolved and created polysilane 5g of the average molecular weight 30,000 shown in a chemical formula 
2-13 to anisole 95g with the spin coating method. 

[0153] And positive type chemistry magnification mold resist APEX-E by the cypripedium rhe company was 
applied on the polysilane film 14, and baking was performed for 120 seconds at 98 degrees C ( drawin g 3 (a)). 
The thickness of the resist at this time is 200nm. 

[0154] Next, after performing pattern exposure using the contraction optical mold stepper who made KrF 
excimer laser light the light source (light exposure 24 mJ/cm2) and performing baking for 120 seconds at 98 
degrees C, the TMAH developer of 0.21 conventions performed the development and 0.18micromL/S pattern 15a 
was formed ( drawin g 3 (b)). The thickness of resist pattern 15a is 170nm. When the cross section of resist 
pattern 15a was observed, as shown in drawin g 3 (b), it has checked that the pattern was formed in the good 
configuration. 

[0155] The silicon organic film 14 was etched with the magnetron mold RIE system, using resist pattern 15a 
formed as mentioned above as an etching mask ( drawin g 3 (c)). That is, it is CI2 of flow rate 100SCCM as 
source gas. It was able to etch without it becoming impossible for resist pattern 15a to have deleted on the way, 
when it used and being etched on the etching conditions of excitation power 300W and degree of vacuum 
30mTorr. 

[0156] In addition, the thickness of resist pattern 15a which remained is 90nm after etching termination. When 
the dimension conversion difference (pattern width of face d of the pattern width-of-face e-resist pattern of a 
polysilane pattern) produced by etching of the organic silicon film by measuring the pattern width of face d of 
resist pattern 15a before etching and the pattern width of face e of polysilane pattern 14a in a cross section 
SEM was searched for, it turned out that there is 7nm. 

[0157] Furthermore, it supposes that it is polysilane pattern 14a as an etching mask, uses, and they are the 
spin-on glass film 13 and Si02 by the magnetron mold RIE system. The film 12 was etched collectively ( drawin g 
4 (a)). It was able to etch without it becoming impossible for polysilane pattern 14a to have deleted on the way, 
when etched on the etching conditions of excitation power 800W and degree of vacuum 60mTorr, using C four 
F8 of flow rate 10SCCM, CO of flow rate 100SCCM, and Ar of flow rate 200SCCM as source gas. 
[0158] Si02 after the resist pattern width of face d before etching, and processing termination By measuring the 
pattern width of face f of film pattern 12a in a cross section SEM The polysilane film 14, the spin-on glass film 
13, and Si02 The place which searched for the dimension conversion difference (Si02 pattern width of face d of 
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pattern width-of-face f-resist pattern 15a of film pattern 12a) produced by etching of the film 12, It turned out 
that it is in tolerance (less than 10% with a target processing dimension of 0.18 micrometers) by 12nm. 
[0159] Next, after the wafer substrate 1 1 was immersed in the TMAH developer of 0.27 conventions for 120 
seconds, pure water washed the front face of a wafer 1 1 , and dissolution removal of the spin-on glass film 
pattern 13a was carried out. Since spin-on glass film pattern 13a of a substrate was removed also for polysilane 
pattern 14a and resist pattern 15a at that time, it was removable to coincidence ( drawin g 4 (b)). After 
exfoliation and Si02 When the thickness of film pattern 12a is measured, it is 300nm, and it is Si02. It turned out 
that film pattern 12a is not dissolved. 

[0160] Moreover, Si02 The silicon wafer part located directly under opening of a film pattern is not dissolved, 
either, but they are a resist pattern, a polysilane pattern, and a spin-on glass film pattern Si02 It was able to 
exfoliate on the film pattern and the silicon wafer, and the selection target. 

[0161] Example 6 this example explains the case where an electron beam performs pattern exposure, in an 
example 2. Sequential formation of the TEOS oxide film 2, the lower layer resist 3, the polish recon 4, and the 
resist 5 was first carried out on the silicon wafer 1 like the example 2. Subsequently, an electron beam exposure 
system (JBX-5DII, product made from JEOL) is used, and it is C/cm2 acceleration voltage 50keV and the dose 
of 10micro. It drew. Next, when heating after exposure and a development were performed like the example 1, as 
shown in drawing 1 (b), it turned out that 0.18-micrometer Rhine and tooth-space pattern 5a can be formed in 
the good configuration. 

[0162] Then, after processing the TEOS oxide film 2 like an example 2, resist pattern 5a, polysilicon party turn 
4a, and lower layer resist pattern 3a were alternatively exfoliated to TEOS oxide film pattern 2a and a silicon 
wafer 1 by carrying out dissolution removal of the lower layer resist pattern 3a by the anisole. 
[0163] Thus, it is also possible to perform pattern exposure in this invention not only using ultraviolet radiation 
but using an electron beam. A resist pattern without a location gap can be obtained without the charge up 
arising during drawing, since it consists of silicon film with conductivity directly under a resist. 
[0164] Example 7 this example explains the case where an electron beam performs pattern exposure, in an 
example 4. Sequential formation of a TEOS oxide film, a lower layer resist, polish recon, and the resist was first 
carried out on the silicon wafer like the example 2. Subsequently, an electron beam exposure system (JBX-5DII, 
product made from JEOL) is used, and it is C/cm2 acceleration voltage 50keV and the dose of 10micro. It drew. 
Next, when heating after exposure and a development were performed like the example 1, as shown in drawin g 1 
(b), it turned out that 0.18-micrometer Rhine and a tooth-space pattern can be formed in the good configuration. 

[0165] Then, after processing a TEOS oxide film like an example 2, a resist pattern, polish recon, and a lower 
layer resist were alternatively exfoliated to the TEOS oxide film and the silicon wafer by carrying out dissolution 
removal of the lower layer resist by the anisole. 

[0166] Thus, it is also possible to perform pattern exposure in this invention not only using ultraviolet radiation 
but using an electron beam. A resist pattern without a location gap can be obtained without the charge up 
arising during drawing, since it consists of silicon film with conductivity directly under a resist. 
[0167] The example 8 above-mentioned chemical formula 1-1, 1-13, 2-1, and 2-12 were dissolved in the anisole 
which is a solvent, a xylene, toluene, and a cumene, respectively, and 16 kinds of polysilane solutions were 
prepared. Loadings used any solution as polysilane 8g and 92g of solvents. Subsequently, the solution was put 
into the protection-fronrHight bottle intercepted from ultraviolet radiation, and it saved for one month at the 
room temperature. And applied each solution on the silicon wafer, and performed baking for 60 seconds at 80 
degrees C, the solvent was made to evaporate, and the silicon organic film was formed. 
[0168] Next, the amount of generation of siloxane association was investigated about each film by infrared 
spectroscopy. The amount of generation of siloxane association which standardized and asked for the absorption 
intensity by siloxane association by the absorption intensity by Si-phenyl association (= area of the absorption 
peak by the area / Si-phenyl association of a siloxane joint **** absorption peak) is shown in the following table 
1. 

[0169] 
[Table 1] 
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[0170] Then, the result of having investigated the etch selectivity of the resist and silicon organic film which 
formed membranes by the same approach as an example 1 is shown in the following table 2. Etching conditions 
were made into the same conditions as the case where the silicon organic film is etched by using a resist 
pattern as an etching mask in the example 1. Moreover, the poor film performed measurement of an etching rate. 
The etching rate of a resist is a part for 75nm/. In addition, (etching rate of silicon organic film)/( etching rate of 
a resist) defined etch selectivity. 
[0171] 
[Table 2] 
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[0172] Since the silicon organic film which suppressed oxidization was formed from the above-mentioned table 2, 
it turns out that a resist and high etch selectivity can be taken. 

[0173] Four kinds of polysilane of example of comparison 6 example 4 was dissolved in the cyclohexanone, and 
four kinds of solution ingredients were created. Loadings set any solution to polysilane 8g and cyclohexanone 
92g. And the advance condition of oxidization and etch selectivity with a resist were investigated like the 
example 8. 

[0174] By the film created from the above-mentioned table 1 with the solution prepared using the 
cyclohexanone solvent, it turns out that oxidation is progressing and oxidation of polish RANN is progressing 
during solution preservation. This is considered because the cyclohexanone has other compounds and the 
unsaturated bond which is easy to react. Moreover, since oxidization of the silicon organic film is progressing, 
the above-mentioned table 2 shows that etch selectivity with a resist is falling. 

[0175] By using the solvent which does not include an unsaturated bond from the comparison with this example 
of a comparison and an example shows that storage stability increases and the silicon organic film which 
suppressed advance of oxidation can be pressed down. Consequently, it becomes possible to maintain etch 
selectivity with a resist highly, and thickness of a resist can be made thin. 
[0176] 

[Effect of the Invention] As explained in full detail above, according to the 1st and 2nd modes of this invention, 
in the three-layer resist method, it is possible by etching the middle class and a lower layer resist collectively, 
using a resist pattern as a mask to reduce the dimensional change difference which reduces an etching routing 
counter required by processing of the processed film, and is produced at the time of etching, and to process the 
processed film with a sufficient dimension controllability. Moreover, according to the 3rd and 4th modes of this 
invention, in the three-layer resist method, it is possible by etching a lower layer resist and the processed film 
collectively, using the middle class as a mask to reduce the dimensional change difference which reduces an 
etching routing counter required by processing of the processed film, and is produced at the time of etching, and 
to process the processed film with a sufficient dimension controllability. 



[Translation done.] 

http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_eije 



2004/10/12 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[ Drawing 1] The sectional view showing the manufacture approach of the semiconductor device concerning the 

1 st and 2nd modes of this invention in order of a process. 

[ Drawin g 2] The sectional view showing the manufacture approach of the semiconductor device concerning the 
1st and 2nd modes of this invention in order of a process. 

[ Drawin g 3] The sectional view showing the manufacture approach of the semiconductor device concerning the 
3rd and 4th modes of this invention in order of a process. 

[Drawing 4] The sectional view showing the manufacture approach of the semiconductor device concerning the 
3rd and 4th modes of this invention in order of a process. 

[ Drawing 5] The sectional view showing the manufacture approach of the semiconductor device concerning the 
example 1 of a comparison in order of a process. 

[ Drawin g 6] The sectional view showing the manufacture approach of the semiconductor device concerning the 
example 1 of a comparison in order of a process. 

[ Drawin g 7] The sectional view showing the result of having carried out SEM observation of the cross-section 
configuration of the resist pattern in the example 2 of a comparison. 

[Drawing 8] The sectional view showing the manufacture approach of the semiconductor device concerning the 
example 3 of a comparison in order of a process. 

[ Drawing 9] The sectional view showing the manufacture approach of the semiconductor device concerning the 
example 3 of a comparison in order of a process. 

[ Drawin g 10 ] The sectional view showing the manufacture approach of the semiconductor device concerning the 
example 4 of a comparison in order of a process. 

[ Drawin g 1 1 ] The sectional view showing the manufacture approach of the semiconductor device concerning the 
example 4 of a comparison in order of a process. 

[Drawing 12] The sectional view showing the manufacture approach of the semiconductor device concerning the 
example 5 of a comparison in order of a process. 

[Drawing 13] The sectional view showing the manufacture approach of the semiconductor device concerning the 

example 5 of a comparison in order of a process. 

[Description of Notations] 

1, 11, 21, 31, 41, 51 — Silicon substrate 

2 22 — Tungsten film 

2a, 22a — Tungsten pattern 

3, 23, 26, 43 — Lower layer resist film 

3a, 23a, 26a, 43a — Lower layer resist pattern 

4 14 — Amorphous silicon film 

4a, 14a — Amorphous silicon pattern 

5, 25, 45 — The upper resist film 

5a, 25a, 45a — The upper resist film pattern 

24 44 — Si02 Film 

24a and 44 a— Si02 Film pattern 

15, 27, 34, 54 — Resist 

15a, 27a, 34a, 54a — Resist pattern 

1 2, 32, 42, 52 — TEOS oxide film 

12a, 32a, 42a, 52 a — TEOS oxide-film patterns 

13 — Spin-on glass 

1 3a — Spin-on glass pattern 

33 53 — Polish recon film 

33a, 53a — Polysilicon party turn 
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[Drawing 7 ] 
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[ Drawin g 1 2 ] 
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[0040] «fc 0*M: L < tt*fi*ntt£8r£*fc^*ttt 

i-s iSr££^^-f3fls£-tti£«u 

y ^virfe-a-u SMtStSasiifrr*. «Wii, 
fllE-fk^i: LT> mx-t£±3&ff>1\&&.2 -1-2-9 

[004 1] iz±<r>jm-em&tm*fti%^ mmm 

v-y=yt«3»IHll 10~5 000nm» 

[oo 4 2] jfcvv-e, cfi^jgt L,T->y 3^ait4Sr*>y 

0~5 0 00nmiaW4LK ^Da^tLt 20 
P>cD->-y =>>-JglicP, B, A s Sr K — zfLft nWltfV "> 

[0043] jji u-v?^ h h ^xmw&Mmwk 5 

<lil0~5000nm, i(5ifiL<li5 0~1 0 0 

[0 0 4 4] rfr^^tteWflglRfi, iWicfijct, 

(IX- 7 7 0, B^ftOt^VM , t-BOCtS 
S LfcsK y f-yuy y — vMSM§ t -7 AJSir >4><b * 
•5-ft^±i*S®W'v ? ^ h (APEX-E, v/77l/-tt 
fit) tt£*SWtf&it«. *^OU^hiLt 40 

tt, #J*.fcf, # y t^7x; — A-i: y. 7 5 >HMg*i«fc 
t#tSBB£*W» * Sfl2*«f«ffl l^v^N (XP-89 
131, v's'T'u— SbSI) , #l) t-y/uy^y— t* 

^T^KYk^*»t*»P>ft4l'v ? ^ h (RD-2000 
[0 0 4 5] L-v?* KBl5«f»»C*4-r4lBte«^±0, 
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tf, hfctgfAq u a t a r r <fc 2 s T-# 

So 

[0046] 11 (b) i^-ripf^ mx&.mmm5 

sy^UTU-^ h^<^— >5 a Sr^-fS 

Sift, ^3t*^»^yi'=¥-tr-A«rflS3tett«J!B«l5 

(i, Tk^flT, X e F 351nm) , XeCl 

(#?-ft= 308nm) , KrF (j£S= 2 4 8 n m) , 
K r C 1 ($?S= 222nm) , A r F (ifcS= 19 3 
nm) , F 2 (ifcft= 1 5 1 n m) ^(O^^r U— ¥ 

[004 7] f§3t^<30^3tt4«flgM 5 tt, fh7^ ^ 
7^=|>AtKn^yK, =y y$rofi7/p* y 7k 
*», TKBWk^- K y *iMb* y * as?<d4s«&7Vu 

[0 0 4 81131 (c) lzmir£.5{z s i/-^ 

[004 9] i-yf^^li LTIi, 

TCPx 7 fy;/M> ICPx^i/M, *V>I4 
ECR75 Xvx ;/ ^ ^^^^00^ ;/ ^-v^BSrft 

[0 0 5 0] y— XTy^i: LTii, SF 6 , NF 3 , F 
2, CF 4 , CF 3 C1, CF 2 C1 2 , CF 3 Br, 
CC I4 , C2 F5 C I2 , C2 F6 , CHF3 > S i 
F 4 . B r 2 n I 2 . SF 4 , HBr, HI, Cl 2 ? 

^lUr, N 2 % H 2 Sr^ftDLfc^^Sr^fS 
[005 11 ^c, Cfte>^yft^hS:fflV>5rt 

J:^o C l 2 ifc(iHB r ^tf y-^^/^§:ffl 



15 

\<^^biW£L<. Ctbibwy-^^^rfflv^r £ 

[0 0 5 2] 112 (a) fc^-fj; W-tro^ftT^ 
^LTtv-y a, -yy^HX*- 

^y^-y^-rs,, 10 
[0053] sAnugi 2 <^ y ^ ^vwt'&. mmm?i 

iz£<9 % y y a - > 3 a Srfijgrr y y 

a>yy 3>*MMSt/^~v3 a fc«#|fe£i-ar £t?, 
-^{-fjarr5rt^-e#5 (B2 (b) ) „ 
[0054] y 3 >^r»Bi«>*j wcttffl BTfigft^«» 

V7*f-jV>r y* n^-y-/ >^cr>^- h V^^J, 
y^vHr n yyix7\ y^Hrn y/uyrirf 1 — 20 

/i^y, 3-yyy, -*-y-y\ ^ * >-^<oftM©4ig»l2 s 3£ 
[0055] imay y = >*Hwasifttt&*tift£-tt, 

Th7^ ^/KT !)At Kn^y h\ y v^rofl- 
^TyP* y ~fc$kV&% y * .fc>*©*8«TyM; y * 

mmt v ^ofcT/^^ y »w««wisfe*-r* =. t 

•5= -yy 3 ><z>*r lt«^^^=¥— t*- 30 

A£BSJftLT3fe«WS i -S iM-a-^v-n^-y-v^-fc 
9 y -VK =^^y— /K -fy7"n^V-yH?Wg|4^I 
[00 56] *f!PJW*&{c*il/>T. Til^^ h £ L 

(OTii^-^ h £ LTffiffl^ixT^fcyjK^ vtmmm 
^rfig-efos,, 40 

[00 57] jyJbWiplcb-C, ^KJlirTgw-v 1 ^ h 

< -far £#-<?#, BBKo-cmTtBniittSraiy^-^^ 
flni-t- 5 r £ as^rfiB £ & oTtc 
[0058] ^fjuwss 2(Dmm\z&z¥m&gim<om 
mxmx maumt^x. -yy ayjsw-fc-atrtBHaBi 
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#T-&S. v-y =>-^^tf$6^£LT«. 

miti/v g<tyyy ay-jR gMfcyy =*y 
[0059] r r. -t\ ®Mfc-y y => v^co^ y^v^^fe 

#5^ TCPx^f^M, ICPxyfy^M 
V >Ji E C R y v X-v a: y ^ 1/ if^^<T)^- y f- 

[0060] y-^^f^£ ltw. -yy avSR^D 

F 6 . NF 3 „ CF 4 , C 4 F 8 , CHF 3 , C 
2 F 6 % C 3 F 8 tfro*^Sr-&tf^S<Z>tf<7>/>/«c< £ 
tli, ifclirtlfj^StAr, N 2 , H 2 , C 
O, 0 2 ZmUL-tztfx^&mfZ'kfrXZZe 

[006 1] znb<Dy— ^iJ^m^x=cy^-^y%: 
ft 5 1 . -y y = <t o« -y y = >*m^^Dii-fim 

,#flgi±-yy =^im*>£vmm->v ^^mmtit^x*- 

[006 2] ^« rtL^ray-^^^tyy 

mmOi < . mik->y = y^w^ y ^y ^SrfT* ?rt 
asT-tSo wC0B#, -yy ayBWitt-yy =>?fpRiK0>* 
s-ea-a-K(o«ffl*j«^£ 4 ^ , ^ y 

*\ xi-mm^mair^zb\cx^xm^^^-r?> 

[0063] «joxjB6sitt{b-yy =jyjgro#a-{c 

fllK>^- £ y y a >m&tf -y y => >^«^£ <o 

[0064] -y y 3 >^m^trM 1 <nmmiz.mz> 
&mbmm\ci,xm&rzzb&-e2z a r<o^, -yy 

[0 0 6 5] iWc, 0 3*5^^0 4 £#RSLT. 

[0066] !7*^-S« 1 1 ±t^fig$tifc»irax»[ 
T*fcs-yy 3>j©T-Sr^tf?fei^i 2. ^jxf^-fk-yy 

Tr-BYt^ftSr-fttf-yy =>v^^i 3£-nsu-y* h£ 
Lt«w-4. -yy =-^*^i 3<D^j?tt#icpg^$ 

$F£L<f4l 0~5 0 0 0 nm^<tv\ -yy 
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[0071] nmm\k LTti, \Y&m*mmtz> 

•feny^yM^I. ffi^^/K Bflfc/^vK mm-jy 30 

[0072] &±ff>^m-cfsmmi:ifm^ mniM 

*^y*LT^J£Mftif-5ri:ic < j:«5, -y!)3y« 

[0 0 7 3] 2) S i - S i f&&&3Emt£&-rZ1k-£!& 

&^mttmM^Tmm$m*ft f $ r rz, 0 si-si 

1 ~4 - 9fc*-r7Ky y v-L-^Sr^tt* -5 

4V^fftL<«2 0 0~10 0, 0 0 0,#tzS* 

L<ta500~30 ( 0 0 otfs<fcv\, •fbS-^ti, — mm 
[00 74] Wfi&HSSNi: LTIi. « t>© 



ify v^ro-jr hv-^jg&k y^/Hrny^y s y=?vMr 
Dy^7tf-h, x^kfeny^yr-feT 1 - h^ro 

■fe n y/i^aassk b*^. asfc^/K ftee-i' y 
[0075] &±<D£mx-mitm&{¥f£u man* 

ot~ 100 otro^siacoiag-r-^— ^-^y^fT^ 5 
Wi-* r t x\ •yyavti'ya ^<n&'&&mb 

[00 76] £X±<D£ 5 (CflM Lfc->y = 1 3 

C7>^J?li, 10~5000n mS^JlJ^^ LV \, 

[oo77]Wc s wilitryy a>«ti 4$rv-y 
= l 3 JiJc^figrt-^,, -> y a vfl^ l 4 roagu: 

10~5000nmSS^u\ >iJ=>^l 

4 1 Ltii, 7^7r^-y^y -Kiiyp^yrofc 

i-> rtl^Wv-y ^yliCP, B, As^K-7"Lfcn 

[00 78] <Wc, _hg h <t LT . JfiftttttMBiK 

15^^3>il4±iC«tS (03 (a) ) 0 m 
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mmmi 5<Dm&\*. 10-5, 0 00nm^m5 
0 — 1 0 0 0 n mtf*£f£ LV\3^ R3W£>fl?tett, y* 

[0 0 7 9] ftfl**«3W4«JiB(O09tt, ^^^^ 

y^mmk^hta^^V (IX-77 0, B*-fi7* 
=*MiM) s t -BOC"CHft»Lfc2Ky t^yu^^y — 

pex-e, i/^Ht» *w«»rrfeft6. * 
* y -/ut y 9 $ ^mmmtytm&tmfrh *aft*« 

ffiffll^^h (XP-89131, i/yzfis— *±®f) . 

^y^y a- 7 ^ y — /ut tr*rs? KflsiMfe t u 

(RD-20 0 0D, P&fl^tiJi) fciftf^tf 

[0080] hmm^^r^^&m^x y ui? 
is^<nvm*mb\jx, us?* bm<ommm zi&T&it 

tt«A q u a t a r « C £ 6 G 

[0 0 8 1] Bffa^^ — ^Sr^-fS-v^^Srai 

<D%Mb LTfi. zK«tt\ X e F ($£S= 3 5 1 n 
m) % X e C 1 308nm) N KrF (^ft = 

24 8nra) , KrCl ®I=2 2 2nm) , ArF 
($&g= 19 3 nm) , F 2 (JgS= 1 5 1 nm) 

t LTteu-lF-Jc:pgfbi\ ^iMiS^tr— a£ 
[0 0 8 2] Bftt^u^* Mi. *r h7^f^rv^ 
TKSWt-t- h y » a. 7K@tf t# y * a^co^t/^ y tK 

3S^JS£*i, 5 aimtittStlZ (12 

3 (b) ) o 

[0 0 8 3] l/^h^-yiSa^x^fy 
4(83 (c)), lyf^tattt, 
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[0084] y-^^^tLTfi, SF 6 x NF 3 , F 

2 , CF 4 s CF 3 CK CF 2 C1 2 , CF 3 Br, 
CC 1 4 , C 2 F 5 C1 2 > C 2 F 6 . CHF 3 > S i 
F 4 , Br 2 , 1 2 N SF 4 , HBr, HK Cl 2 § 

10 W^CAr, N 2 , H 2 SraSfiOLfc^SSriHtfS 

[0 0 8 5] Ztlb<Dy—xjfx$:^y?~*rl/hbLX 

< ->y =2 vjr i 4 (03: ? ^v^&frtt 5rt sss-x?* «. 
20 Jdi:^ 0 

[0086] C 1 2 ^fcfiHB r £r£t* y — 

iri:U:<fc!K iyy ^vffltSrJIfaRltT^^^v^i"* 

30 [008 7] WJtcO^r fe^^g Lfc - V 1 

5 ajoXXJi/V 4 a Sr^c^^V^X 

1 2S:— tSlrX^y^y-tZ (134 (a) ) 0 =>y*f- 

^■ttm mtt^^yx^y^yj; 

^ ^^^V^^BJt^y^^y^^^^ Wrf- 
tf-A^X-v^^^^^^rst, TCRxyfy^ 

40 [0 0 8 8] V—XlfXb LTfi. ^ynyjgl4CT 

th Wx.USF 6 , NF 3 . CF 4 , C 4 F 8 , CHF 

3 % C 2 F 6 . C 3 F 8 m<D^m^tsJJ^<r>*P<D'J? 
t£<thlffi. ^tc&Zrih<Dj?*m^A r . N 2 , H 

2 , CO, 0 2 S:aS»DLfc^^Sr^fari:^"e# 

4o 

[0 0 8 9] Ztlh<oy—^^f^m^^X^y^^y^: 

nob, ^fmsxifi/v =>Gm&<Dmma*m 
50 &mmm-z*K imm<Dmm\ammuc<<, & 



(1 4) 



25 

[0 0 9 01 ^(DIS^ -tKbtVy—XJfX&i/!)^^ 

[00 9 1] £JLk x KtolgSasSMfcS'y =t^m<DWre>\z 

^if^r^b VX^^WSiitX^y^if^ntiO^. 
I 0 0 9 2 ] VfM 1 3 Sr^-T?*«rr 

Sr^tffc*, ->y =v#MWW«ttS:^tii^H:, tF 

y *a&»u jjcstffcfr y ■> a^(7>^t^* y 

LT±^<73S i -S i^Sr^n^-i^jj^ic^a.T, 
7y®u ^y7r7 78, ifcii7thy, y^y — 

[00 93] -€-<OB& y 3 V^rfflagJhtc: h/^ 
[0 0 9 4] £Ui«)J:5»c*5!W«>J(53©ll8fKlcJ;4 
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yavR (iftv-Payi) o*-y?->y&$>x*-y=3- 
[0095] ^wn<Dm^<r>mm\mi>^mw-mm<DU 

ffli^fc, Mies i - s i ^^W-rs-fk^^tf > 

xftfrnzm2<n^v=iyims&<o^y?->yn^ mi 
3 <Di§mt ismz. L.xnt>n,^ 

[0 0 9 6] 



±i£<0it2 - 2U:^¥«#H : -&8 0 0 0<DzKy */=7> 
8 g$rT-y— /U9 2 gJC^LTTgUv?^ h<Dfm 

miw&*xt'>zi-^is?m^£.vmm^tz.'ik, so 

J^Lfc. rcD^fCDTra^v 5 ^ h 3<Dmmte3 0 0 nmT 

[009 7] cfHJg4 T'U— thSf/Kv? 

Sffc*«IMBa! I'S** HAPEX-E ZMIfi U 9 8*Ct? 
1 2 Ogra^— *i^S:fT#V\ JUIu^;* M8l5-£r^ 
J&Lfc 021 (a) ) „ rw^JJl"^ hi5©IS 
ftt2 0 0nmffe5, &f-s KrFx^i^l^-f- 

•ttSrfiV (I»3 0mJ/cm2) , 9 8tfl2 
0#fflc?><— ^ fTo/c{g\ 0. 2 1 S^OTMA 
20 HS.^M-eS.^S^fTVV 0. 18ym©L/S^ 
->5a£rffi^L.fc (121 (b) ) „ 
[0 0 9 8] k^-y 5 a ©KJfli 1 8 0 n m 

6. 01 (b) fC7fh}-«fc5»^ ftff**R , TV<*-i'» 

[0 0 9 9] RJcWi 5i-^LfcU-^x h^-y5 
^lyfy^^HtlVV v^hnyfRlE 
^S{ci»?, *WJ&4iTJii^*h3£— iSly-Oty 
^Vi/Ut (121 (c) ) „ y— LTiifcS2 0 
30 S C CMCDC 1 2 K/S^J 3 0 OW, M&g. 3 

OmTo r r tf^y^v^f+T^-y^V^trfTofct 

y-5 a;flMfc*-eSMvt*< 

t * < , ffflM 4iTi^h3 LT^ 

[0 10 0] u-y^ F ^?-y 5 a roi a i TI 
h^-y3 acotib^KrMSEMT-aiJ^-Sr ilc<t 
•9, fWS4iTS^ h3»iyfymi:fci- 

ft^^M (=Tfl'v J ^ h 3crv<i?— Vi|>Ib -u-^ h 
y*Ma) §r3R«)fci:r^, 10nmfc6:W 

40 Tl^o/Co *fc, xyfy^Ti, ^o^U-v?^ 
— > 5 a (73^|?:j± 1 3 0 n mT-fc-So 
[0101] $5>{^ tfiffi^^^-^4 a tTIl/yx 
h^-y3aSriyfy^^^iLtfflV\ ^^y* 
7.7- 2 ro^c yfs h n ^^X&tt^ 
^s/^V^S^rffl^TfToyc (12 2 (a) ) „ y— ^ 
^^i: LT»Sffl3 0SCCMWCC 1 4 . i^ffl2 0 SC 
CM<750 2 fS&eH^7 3 5 0W, S^ff 1 5mT 

o r T^y^^i^X^-y^y^n^tcb^^. 
Wl^^-y4 a iT/gu-v';*. h^Jf— ^3 a tfs&cp 

50 T-mtLT/i<^Srt*<, ^yW>«2©xyf 
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?m<Dl'isx h^~y5 a (Dili a £Jmi*£T1£tf>* 

^^^2 a >(@c SrWfBS 

rt^ct«9, *IRIJi4* Tgl/v^ h3SU^JDX^2 

1 5nmtfc^ W^Hrt (g^DX^jifel 8 0 

[0102] ?L^^^/MC £ 1?:18 

0#P^g@L/cm> ^EtKT^^— «B£i5fc#U ^ 
^^^2 a±iC^Lfc7Ky i/7l"<*— >3 a £ 
S^SLfcc Tflfe^y ->7^^" a 

h^->5 a fcH*Oft*t4r imfc (13 2 

(b) ) o mtm. $is?^>m2 *vmm&m&\. 

[0 10 3] ^fc, ^^^^^(^BBnWoSTfctefi 

[oio4] ittss^y i 

mfi«itra«, ->y ^>-^^^n-2 i_h(c^^^fc 

if3 0 0nm^y^fyi2 2±(^ ^15 0 
0 0 #5 y ?mm l 0 g 4r*LBfc3i^9 0 g 
Lfc*tt^£»*U 2 2 0tT18 0#f|^y 

^COTe ^M82 3 CDlgSlte 3 0 0 n ixrC&«« 
&1>T\ T«i^* b 2 3 -Lfc:*[HJB£ LT^If:2 0 0 
nrnOS i 0 2 ®2 4 £ L P C VDSt'M (13 5 

(a) ) o ^lt, uusm iw«to*Bc-es i o 2 m 

2 4±.\z.lsis* >-2 5 a SrJg^Lfco b 

/^^2 5aWSEMliLfci:5> 0 5 

(b) fc*1-«fc5fc* Sff«Tv^^-ymT 

[0 10 5] UJLLcDcJ: 5fcJBSfcbfcu^ h^*— ^2 

Vi/Srffofc (0 5 (c) ) . ^yf^gattt 

TSUI 2 0 S C CMWC 1 2 Jgjjem^ 3 0 0 

W v S^S30mTo r r <D^ y^\y^^k\^X^ y^> 

ffih&KrD^EM-eSteU ^mS<D^y^-^^X±C 

Xig) S:**fetr5> 15nmfc5:tWo 

[0 10 6] 9cv^T% ■PfHJg'** — 4 a Sr^^v 
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Srfrfcofc (0 6 (a) ) o ^y^^mm\a^^ 
hn>SR i E3SeSrfflv\ y-^xtLTM2 0 

SCCM<D0 2 £rfflV\ ag^3 0 0W, K£g3 0 
mTo r r^^^->^frT\ ^^V^&tT#o 

e ZtSiffi S EMTSJJg U *[HJ8 2 4 fc l"^* h 2 

5 nmfe^:<!:Wo^ 

[0 10 7] jWd. ^IfflJi'**— ^2 4 a tTi^ 
10 h>^ — > 2 3 a S: m y^if^r^ b LTfflV^T. * 

&^*>-^y^ymw&m^xnte<>tc (0 6 

(b) ) o V— *tf*b LTiSffl:3 0 SCCMC0CC 1 
4 ^J;t;it2 0SCCMTO2 Srffli/\ igi^J3 5 
0W, IMl 5 mTo r r^xyf y^fxyf 
>^ff^o/ci:6, W1i^-y2 4ai7ii/ 

<\ ^v^-x-7 t ^IBi2 2co^3/^^SrfTft5- b&X 

20 [0 10 8] U-^ >2 5 atfV** — >*Id b 

fl/y^lsmns^—^mi SrBrffiSEMTifflJ&U 
WS2 4, TII/^ h 2 3SW^^fyl2 2 

J}^2 2 atfV** — f — h'** — >-ifMd) 

ftfctli, 35nm*^ ffSffiffl (g«JPX^i£l 
80nm(O10%) fcl^r. b&frfritn 0 

[0 10 9] TfU"^ h^->-2 3a^ 

3s LTs ^y^f^-y 2 2 a 
fc (06 (c) ) 0 
30 [0110] mmffl 1 i:H«09 1 b<D\tm>h, *«w 

c z^mmm*mktz> ^ t &xz , »x^^m 

[0111] tti&#J 2 
0_b|S^2 - 2 \Z7rrf*mft*&8 0 0 COTKy v-^>- 8 

r^OTSl-^ h 2 6 CDjgUfte 3 0 0 nmtj)5 0 
Z LT. HJS^d 1 t H*(0*tt-CTJB h 2 6 Jilc 

[0 112] b'<#— >2 7(Dffifffi^t^SrSEM 

a^L/cirr^, H7fc*i-J:5tc. ^^h»9*4 

cxv^arfca*5»*ofc. *>y ^v^^m^i:^ 
50 r^/WM»e>*tftv^i*asfcaas % ->y =>BlS:->y = 
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[0113] H 2 

ZfttfLl,^ v-y n>^^yN~i_b{c^^ix^fl®i:5 
0 0nm(OTEOS^«2li:TiI/^ 

0#^— ^r>^?rtTo/c 0 rcD^cOT^l^C/^ h 3<D 
iflilOOnmt^o MV>T, TSl/^*h3_bM 

*pm!§4 1 isxmmi 0 O nra^y -/y^^LPC 

tm^tfmit^mmmi'itx htdur-no o 9*m 

*U 9 8tTl 2 0#F^-^^£m£o7c (01 
(a) ) 0 r^^U^hS^iH:^! S OnmTfc 

So 

[0 1 14] Kr F^^r^W— if— K&XMb 

(i)tf 30mJ/cm2) , 9 8tT12 0gf|cO-< 
— ^rV^^ffo^. 0. 2 7M(OTMAHS«T 
Sl^#yS3rfTl/\ 0. 18/imL/SCDl/^ h/^- 
>-5a£flMLfc 0 h'** — >"5 a^Jg&ftol 3 

0nmt*5 o l/'^ h A^-y 5 a WS ENfllS 
Lfcir;i6, 01 (b) \ztt£?\z&&1£jmX'<? 
~ >m&T? # T v n 3 r * mHB-e * fee 

[0 115] SX±<D£?lzmf$LL1tl'Z?X Y^Z—ls* 

36Bt-<fc9* *[iajR4iTJit*'v ? ;* h3CD^y^V^S: 
ffofc (01 (c) ) o y-^tLTM2 0SC 
CMOHB r Sr/flV\ Bfia^3 0 0W, I^3 0m 
Tor r (D^ y^l/f^ftX^ y ^fteftoftb Z 
^ Ui?X h^-ys a&m¥XmpSXt£<f£Z>Z b 

tsrimfc (01 (c) ) o 

[0 1 16] 01 (c) ICTfrtX?^ tpfflm'** — > 
4 a fcTBW** h^->-3 a (D^DX^fi. SiSiC 

a bTM^is* h^-y4 a ^<#— ^ b SrftrS S 
EMT'^'J^S Zb\c£oX, ^mARXJTm^^^ 
V 3 (7>3i y ^ ^ifX^L Ctz-Tffi&mm&Xtbtc bZ^ 
10nm^:tWot, ^ry^>>/jf&7 

JgofcUi*;* hCOflgJSfil 0 0 nmT*fc>5o 
[0 117] tffli^-y4aiTI^ 
hy<* — >-3 a te^-y^l/f-vTstb LT/Bl\ 
h a ylSStt^ 7 f y^gtiCi 19 , TEOS 
KMUR^J/^V^SrtTofc (0 2 (a) ) 0 y-*# 
*b LTS£S3 0 SCCMCOC4 F 8 s ijfbt3 0SCC 
»ES1 6 0SCCM(OArS:ffli/\ ffifig&Jl 
3 5 0W, S^ffl 5mTo r r<D^^>^#T-^ 
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30 

-/^v^Srfrofci:;:^ V4 a irTJgi' 

T E O SgMfclK 2 tO^c y ^v^Srff 4 5 w i#-C#fc«, 

:^TEOS^M2it SE^*i4<t<^^f 

EOS«fbR2 a ©^->«c SrBrffiS EMfMSt 
SrtiCioT, t>BaiS4, TIl-^h3MTEO 
S gtf fclSS 2<D^y^ ?X$L C fc^ttSEJSaeSr* »fc i 
15, 15nmfc^ fPgSEfflrt (B«MX-+*18 0 
10 n m CO 1 0%£JU*J) SrMfcLTV^riW^fto 
[0 118] JSfc{C x 7^y-;Hul 8 OgfiBiSSUfc 
SsEtKT-^^n— l^SSr^U TEOSI 
^ — >2 a±OTi^ h/^ — >3 a 
Lfco ^r<Ogl N y'y^yig4tU'^h^y5at 

fttb. mm\zf&&&titz (02 (b) ) o TSu^h 
^-^3a(D*fl|» % TEOS8f«^V2a(D 
^^M^L/cirr^ SOOnmfc?), TEOStt 

20 ftfroIZo 

[0 119] St, TEOS»^- V2 a GQfifln 

*5?>i\ \s&*h'<9— >\ is]) =a>v<* — >\ TJi^ 

V £ iWlWfc*J»r S £ b &X £ /to 

[0 12 0] lt^j3 

5/ y 3 ^as 3i±^ mmm 3 1 ra^^-rms l 

fcTEOStt^UR3 2_h^ LPCVDSWW2 
0 0nm<O*yixy3^||)t3 3S^^Lfco- fctd. HJfi 
30 #|1 tl^1$0*ffi-C>Ky is!) ^>m3 3±l\£1'Z?X h3 
4 5:»L (08 (a) ) % RV^O. 18/imL/S 
Wl/^h^-y3 4aS**Lfc (08 (b) ) o 
JEtc. h^^^ — >34 a ^yf-^^^b b 

Tfflv>T. *y v-y 3 yg3 ztn^yf-isit^y* v 

(09 (a) ) o 

[0 12 1] BP^ y-^iLTSi3 0SCCM 
OHBrS:fflV\ jg&Sgm^SOOW, IM4 0mTo 
r r CD^y^>y&ftX^y^>?£ftt£<>tc.b ^5, 
40 — >^3 4 a^ 5/ ^^^cfi-efiij^r4< 

4^ri4<, #yi/y = i«33i:xyf^t5r 
[0122] s^t, ^^^tifc^y i/y =^ 

K3 3aSr^^tttfflV\ ^hn^ii^y 
^SBianEOSSM«3 2«:x J yf^Lft, V 
— *U*b LT»fLa2 0 SCCMCOC4 F 8 , ioit^SfL 
i4 0SCCM(DAr?:ffll/\ Sb®^ 2 0 0W. K£ 
S40mTor r CO^: y^^^jfefrt?^ ^^^^SrfT4 

ott:^ ^Ky ixy 3^3 3 atex-y^fi&px 

50 fii]tbT*<ft*^i*<, TEOSM3 2§:iDX 
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U TEOS®MDG|/<*->'3 2 aS^^tSrir^f 
#fc (09 (b) ) 0 
[0 12 3] ^y3~l»tf^*? b LTfflV^fc7Ky 

mm&m^xfttzotc* y~*x*k LT»sa3 osc 

CMCT^HB r$:fflV\ Jg)S^4 0 OW. I^30m 
Tor r (D^y^^y^&V^y^^y&ftte^tikZ 
5, ^IJ v-y ^>JK3 3 a$rfijg|"r^-i:^-e#/c (0 
9 (c) ) 0 

[0 124] Li^UftaSfe, 

2 a^ggnSB^sT^g-rsv'y a^**^— 

tc, v/y 3>R3 3 a frx^f i LTffl 

ffl^* y =5- 1/ if £ jft,T 5 i: v ^ 5 Pp^JS ^ C * r 

[0125] nmm3 

±^co^2-5fc^r, ¥Wt8ooo^y'>7 

»5 0 0 nm<7}S i NJK2±M, TVf b<Dm&tt 

0 tm -<-^ >- ^ £rff o tc Q ZtDtiftDTmisi?* h 3 CD 
B8SJ12 0 0 nm-CfcSo jR^T. TB I'v** h 3 Jblc 
^rflJi 4 t LTJg&¥ 1 oonmwyyK-^y^y =i 
ySrLPCVDffiTj^Lfco Mv^C, W§4±(c^ 
y^U-1±SI*^ffl{b*4t«S'^^ FXP89131 
S:M*U 9 srTi 2 0#M-<— ^^Srfrftofc 

((31 (a) ) o Z.<DB$<Dlsi?X h 5<DmW>&l 5 0 n 

[0 12 6] jfcld, Kr F^S^U— if— yt&%Mk 

(g)ti3 0mj/cm 2 ) . 9 8^ 1 2 OSffl0V< 
—*c^?%:frotc'&, 0. 2 7i^(7)TMAHSWl 
£rfrV\ 0. 1 8 /zmL/S^U^ h^-y 5 a 
m&lrlto ^W^5a«j:13 0nmt 
£>3o h/^-y 5 a EXflBSLfcr i 

5, 01 (b) ^^cfc5^S$f^^rv^->^ 

[0 12 7] EJL±(D<t 5^^LfcU^ 

^V^Ufc (01 (c) ) o y~*#*£L/rifEffl;4 2 
OSCCMWF4 SrfflU\ jaem^J3 0 0W. K^S 

3 0mTo r r <7)^ jxfy^*ft^ s/^V^SrfTofc 

rift<, W4tTJI^ h3Sr-jgLT^i/^ 
>^5r£jfl*"eSfc (01 (c) ) o 

[01 28] 01 (c) icTrrfx?^ tpmm'*?—^ 

4 a kTM^i?* h^^V3 a ^ftlUgttfiSEJCft 
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tTfu^ h^#-^3 a^^-^WbSrKiBSE. 

^*5»S»ff (5nm) STFfcTofc. ^2/^ 
^teTSL Sofcu^ h^-y 5 a «li 1 0 0 
nm~Cfc<5 0 

[0 12 9] W@^-y4aiTi^ 
h/^-y 3 a Srxyf y^^^ ^ LtfflV\ SiN 

^^■Srfflv^tTofc (0 2 (a) ) o y—x#ak 
LTSfcfi3 0SCCM(OCHF 3 , 5ftffl;8 OSCCM^) 
CO, Sf80SCCM(7)Ar, *5<fctf«cfi5 S CCM 
<£>0 2 aSa*3 5 0W N RM3mT o r r 

(D^y^fg&X^iy^y&rT'otLkZ^ ff>|S]Ji 
^->-4 tTI^ — ^3^cp-effltt*< 

ft£ri:ft<. S i NJK20^vy^v^SrfT*5 rirtf* 

[0 13 0] rco^cos i NIR2fiSB:t^*tt<t<3i 
4ia tJlDXl&T^S i N&^-y2 a (Ds*#— >i@ 

cSrWfffisEM-eayjeu ^14, tj§u^s3s 

t/S i N^2^^^^^cj:«9^i:fc^m^m^* 
»fct:5, »BSEM^*-C#S«IJ£KJI- (5n 
m) OTT*^ fFSSSfflrt (BttKlPXTHfel 8 Onm 
W10%OT iciR4oTv>^r k&ftfr<ot£« 
[0131] r> ^fK 1^18 0X:X 180 

6. 1 1 0 0 cm-^fiT^n^f-v^lCi^K^ 
30 WM&tott* r^fi. ^IC<t9 7Ky ix9^<OS i 

^~£?5fci*U ->y =iV*«IK3^^*Lfco ^co 
isl) ^^W&3 ±<Dtf}J is!) =i^JR4tlSI«FfcS 

1 NBI, »^^-»Ka:W*r4 r i ft < Sftftl^MNI 

[0 13 2] ISffiftU 

yy^y^xA-i l ±icfSim^^titimm3 00 n 

raOTEOSMnlC, Ti^M3itT 
40 m^^^^^^^ttMco^t: 0 ^^^^^ (ffifi* 
FOX) ^^tV^-ry^STML/:^ SS^-C 

2 o ot:Ti 2 o&m^— *^y*ftotz. 0 z<d^(d^ 

\f^^ifv^(Dl^S-YXl 0 0 nmt*4 jttV^T, ^ 
fc 0 ^^^^^ 1 3±\C*pmmk l,Xm&3 0 0 nm<D 
7*;U77^S^!I 3yIl4^s/^-ffit^KL 
fco ^LT, 7^7 7^'>y ^y^l 4±|cM«k 
X^iSJTK^b^^U^ FTDUR-P007 
&a*U 9 8tt?l 2 0#W^<-^^>/SrfTftofc 
(0 3 (a) ) o ^(D&fCDl'isX h<D$fe&n2 OOnm 
50 T'&^o 
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[0 13 3] Kr Fx^r^l/-f- ft&XMt 

(SM30mJ/cm2) , 9 8tfl 2 OiBffl^ 
— ^V^SrfTofc^ 0. 2ll^TMAHSMt 

>1 5a«g«Lfc (0 3 (b) ) o 
—^1 5 acommm 7 OnmVh&o Ui?xh'<? — 
>15a5:»fISEMS«Lfctr5, 03 (b) ^ 

[0 13 4] $X±<D£ SKSBfifcUhW?* 

I E8EluJ:or^77^v'y =J^JRl 4Sr^^^>- 
^Lfc (03 (c) ) . IP*,. y-x^i:Lt«l2 
0 S C CMtDC 1 2 Bgt* 3 0 0W N R£« 

3 0mTor r 00^ y*?^ y^f&ftotc 

h->^— >-i 5 a*s»Kf 1 -efiiJiiT!fc<3te 

[0 13 5] **5. ^y^V^»T«, »ofcU^ h 
1 5 a (Oifli 1 0 0 n mt*S 0 ^L V ^if 
m<DUi?7s h/^ — >-l 5 aWBdtr^77^v'!i 
4 atOiHeSrWrffiSEM-eai^fSri: 

^M^->«d) Sr**fci:r6, 5nmife5:i* 
[0 13 6] £h\^ T^/vyr*^}}^^'*?—^! 

4 a frx-y^l/f^X? t LTi: LtfflV>T, h 

EOSgtfbffiil 2£— jSLTxi/fy^Lfc (04 

(a) ) o V— XtfXb LTSE4 3 0 SCCMCDC 4 F 
8 x Ii2 0SCCM(OArS:fflV\ BMSS^ 3 5 0 
W, S^Sl 5mTo r r (O^y^if^kWX^y^ 

[0 13 7] ^^>^iu<7>Ui/* h^* — ^1 5 a CO 
*Bd i:*nX3!*Tft<OTEOS^tl^^ — ^1 2 a tfV* 
^->-*Mf ^WSSEMT-aiJ^i-^r^lCct t9 N r-e/u 
^r^v-y ayuii 4, xtvty^7^H3MT 

EOSMl 2 yJ->-yX3L Cti^m$mg: (T 

^-yiSa^id) 5r*Wctr^ lOnmfft 
S^Hrt (g^iDXvhffil 80nm(Ol 0%£Art) {C$> 

[0 13 8] 0. 2 7j|)|(OTMAHaM(:') 

— l i<o«B$:2fc#U xifvty^7^^- >-i 
3 a 2rig#?Btefe Lfc c ^r^. > V =» vgg 14i i/^ 

h^*— >i 5 a hTrntD^isx-y-y^^m^?— > 
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(04 (b) ) 0 TEOSgfcffcBI^-Vl 2 

atDJBWSraiJfcUfcirr.^ 3 00nmt^^ TEO 

[0 13 9] TEOS^tI^-yi2a^ 

hS:TEOSSfcfBBt*5j:^>y taB5Wlc: 

[0 14 0] ltt!^4 

i/y3^x/^4i 4 1 mmtDxmxiiF 

/£UfcTEOSg&ffc!R4 2±{C, 5 0 0 0 <D/ # 

7 2x *«JB 1 0 g SrJLSpL^vi, 9 0 g Ciffi L/cigSfctt 
WSrftflJL, 2 2 OtTl 8 Oi&W^y^feffft 

g^i/^ h^4 3^ffifftt3 0 0 nm~efc£ 0 

[OHllfc Ti^h43±^«1I<hLt 
BU¥2 0 0nm(OSiO 2 l4 4*LPCVDifeT« 
20 Lfc 0 tLt, Saft«4 tra«R(0*ft-C, SiO z 14 
4iCl/^ Fg4 5«L (010 (a) ) . r*L 
^^-^y^Ltl/^ h/*^— >4 5 aSr^^gLfc 
(010 (b) ) o rcOl/^ — 5 a £W® 

SEM»£L*:£;i5, 010 (b) fc*t\fc5fc* & 

[0 14 2] JJJLhco^p^^bfclx^ 
SaSr^^tLTfflV^ "^^4 4 
frofc (010 (c) ) o x^fy^gfCHv^h 

p>«RiEgi»\ ^^turjsKfi2o s 

30 CCMC0C 4 F 8 x Sfcil 0 0 SCCMCOCO, Sfc42 
0 0SCCM^Ar*fflV\ KSA3 0 0W, 
3 OraTo r r (D^y^^WX^y^ifi:^ 

^-y»gk*»rffiSEMT«U *WJg4 4CD^^ 

k-Ui/* b'*#—l^Si ) **^7t<h ^ 6, 15nm 

[0 14 3] JW^ ^S^— >4 4 a Sr^*^ £ b 
TfflV^TTil^^ h4 3(7)^^^y^SrfT^o?t 0 ^ 
40 yfy^JSIi LTIiv^ho^SR I E£e®£ffl 
v\ y—xjfxt o sccm<do 2 £fflv\ 

SlSm^3 00W, R^S30mTo r v (D^y^sif 
1^ >4 3 a (TV** — V(g 1 ?r»fiSEM 

[0 14 4] Mt-. ^Pfl^^^— ^4 4 a irT^l^^ 
50 V4 3 a*^^^i:LTfflV>T. TEOS^-ft 
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1814 2<D^y3->-y&^ v^hayf^ft>f^: 

2y^^^fi«fc<t9tfofc (011 (a) ) o 

*k LTScfi3 0 SCCMCOC4 F 8 x ftf2 0 SCC 
M^CO*5<fcVaJcSl0 0SCCM<OArS:fflV\ ©jjg 
®*J3 5 0W X XSKl 5mTo r x(0^y^>if%^ 
X^y^f&ftotckZZ. tpmM'<*— V44ai 

TSuy^ h^-v4 3 a^^-eBiJttx*<*sr. 

£ft<. TEOSM4 2^^^>^S:fT*5- i 

[0 14 5] — >-4 5 a <7V^ — j k 10 

TEOS|tf^-y4 2 a<D'<f— >-*Mm£rlSr®S 
EM-CSBJSU fraJl4 4. TJgU^ h4 3XOTE 

HBj) r 5, 3 5 n mfo 9 > fF^3£H (S 

^QX^i£l 8 OnmCOl 0 %JLUrt) i^lR* fcfcl^r £ 

[0146] £X±<D£ 5 *tt«W<o*«6-ett, *38 

a:3fa^^»T?»ixT# art * *r«g£ ft o fco 

[0147] Jfc«0!| 5 

LfcTEOS8{U8i5 2Jb(^ LPCVD£tig2 0 
OnmCOTKi; v-y =1^5 3S:MLfco Jfcfc:. HJS#!I 

4 ir <Dmm<Dj?mx*tf y^y=> vjffiXic i/^h54^ 

^ffib (012 (a) ) . 0. 18iumL/S(7)U^ 30 
h^7^5 4 a SrflMLfc (012 (b) ) 0 
[0 14 8] I/^W-y5 4a^^fy 

V^ff^ofco y—^^f^i LTSfcft3 0SCCMc^H 
Br£rJHl/\ fibig^5 0 0W N K£ff4 0mTo r r 
(D^y^y&ftX^y^^f&ftte^tck ZZ>, Ui? 

(01 2) (c) ) o 40 

[0149] jffii^-c. /n^— ^>>/^^t/c?K y^y^y 

/^-y 5 3 a $:x^f y^v^^ t LTffll/^ TE 

o s mim 5 2^^hn >^ y ^ *m i > 

T^S'^-^Lfc* S S— *tf*k LTggS2 0 SCCM 
COC4 F 8 . J3 itWEt 4 0 S C CMWA r fib 
g^]2 0 0W, OmTo r r Ox-y^tf^z 

ftx^y^^y&rrte-oftkzz, #ys/y=y/^- 
>5 3 a^^9 1 ^^TBU^Tft<ftarift<. 
TEOSM/^-y5 2aS:l*f5ri:mfc 
(HI 3 (a) ) o 50 
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[0 15 0] JSfctd^ =>yfS#^*9k LTfflV^Ky 
v-y ny^-y5 3 a ^JgtSr-ir ^^/U K9>f 
>-^S^fflV^TfT^ofco V—X#Xk LTStft3 0 
SCCM<Z>HB rSrJHl/\ fi)g^4 0 0W, X£^3 
OmTo r iCD^y^^ ?2k$rX=- y^^f £ff & o fc 

^ys/ya^^-vssaSrSBflrra-tas 

(013 (b) o Lri*U ^3^x^-5 1 

[0151] rcoiptc:. /Ky >y ^^-^5 3 a 
tiX L * 5 i v > o f®M&± CZ^k 

[oi52] mt&m s 

i/y^^V^— i i±ic^«iasft*ixfcBW3 o on 

mOTEOS^«12±(^ TJi^v ? ^M3tLT 
JKU^ = — ->^tt»cos i 0 2 IKl 2_h(c N TJiu 

(M«FOX) Sr^trv-a— • r^^jfetr^L 
^*SS3 0 p pm(DlI#i«Tt3 5 O^t? 
1 2 OSffiK— ^^^^rffofco rcOB#co^t°V^>>/ 
9^tOJKWttl 0 0 nm"CS>5 0 SKlvf. Ts^^if 
"7* 1 3_h{C^figj§i; Lr^g:3 0 0 nmC9/Ky 5/9 > 
Rl 4«rj*iRLfco ^y^^lHH ^^2-1 
31:^^13 0, 0 0 0W2Ky ^5V5 g*T 
^y— /l^9 5 g (-^fi? LTM L7t^?r^ h^^-y 1 

v^ffifcj: oWfitfcft, l 6 ot:T- 1 2 os?ra^— 

[0153] ^U, jKy^^lHil:^^ 
?±i^7K^M^lt*sM u^hAPEX-E SrlteftJ L. 
9 8t:tl 2 0*>ff8-<— ^^SrfTttofc (03 

(a) ) o h^|RJ9^2 0 0 nm-Cfe 

[0 15 4] KrF^v^u-f-3tS:3EIi 

(g«24mj/cm 2 ) , 9 8ttl 2 0»B^ 
-^^^^fTofc^ 0. 2 1jD£OTMAHS«»"e 
a^SSrffVX 0. 18/iitiL/S^-yi5a5: 
JJ^Lfc (03 (b) ) o ^W-yi5a« 
J5{il7 0nmT^ o h^-yi5a«I 

&mmi,itkz^ 03 (b> (CTrrfjz^^ Afrtm 

ftX'<*— >i>mtiL & fix v > ^ d t ^q»B-e# fco 
[0 15 5] iEJl±<oj:5tcjg^Lfcu^ h^-yi 
5a*x;yfy^^i:Ltffll/\ -r^hnyfR 
I E»«tOi/y^y»l 4&^s/^->^Lfc 
(03 (c) ) o IP*,. y-^^iLTS£ffll 0 0 S 
CCMW1 2 ^fflV^ x ag«|*3 0 0W, S^fi3 0 
mT o r r (D^ y^~> ?$H$X^ ^ ^rff o tckZ 

5, h^-Vl 5 a^«f>-e»JttT*<*sr. 
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[0 15 6] ft*, So/:l/^h 
-'^-y 1 5 a (0189119 0 nmffeSo 
<DUi?x b'<?—>l 5 a^^—>i|@d ir^KU is? > 

[0157] £*bl-. ^lii/yW^-yi 4 aSr^^y 

ES©M<k9. ^fcV^7^13tSi0 2 lll 
2Sr-SLT^^^V^Lfc (134 (a) ) 0 
*k 0 SCCM<DC 4 F 8 . ffi&l 0 0 SC 
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